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A Amps

AASHTO American Associate of State Highway Transportation Officials
ACES Automated Coastal Engineering System

ACHP Advisory Council on Historic Preservation

ACI American Concrete Institute

ADAAG Americans with Disabilities Act Accessibility Guidelines
AFB USACE's Alternate Formulation Briefing

AGMA American Gear Manufacturers A ssociation

AISC American Ingtitute of Steel Construction, Inc.

ANS| American National Standards Institute

AOR Allowable Operating Region

API American Petroleum Institute

ASCE American Society of Civil Engineers

ASHRAE American Society of Heating, Refrigerating and Air-Conditioning Engineers
ASME American Society of Mechanical Engineers

AST Aboveground Storage Tanks

ASTM American Society for Testing Materials

ATS Automatic Transfer Switch

AWWA American Water Works Association

B&V Black & Veatch Corporation

BACT Best Available Control Technology

BEP Best Efficiency Point

bgs below ground surface

BHRA British Hydraulics Research Association

BODR Basis of Design Report

BTU British Thermal Unit

caprock near surface limestone layer, typically EL 2.6 to 6.6 (NAVD)
CAA Clean Air Act

CCM Criteria Committee Meeting

CCTV Closed Circuit Television

CE Categorical Exemption

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CERP Central Everglades Restoration Project

CERPRA Comprehensive Everglades Restoration Plan Regulation Act
cfm cubic feet per minute

cfs cubic feet per second

CMU Concrete Masonry Unit

COoC Constituents of Concern

CPHU County Public Health Unit

CSM cfs per square mile

CWA Clean Water Act

CZMA Coastal Zone Management Act
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DCM Design Criteria Memorandum

DEP Florida Department of Environmental Protection

DMSTA Dynamic Model for Stormwater Treatment Areas

DMSTA2 Dynamic Model for Stormwater Treatment Areas Version 2, June 2005

DOH Florida Department of Health

DSS Decision Support System

EAA Everglades Agricultural Area

EAA SR Everglades Agricultural Area Storage Reservoir
EAP Emergency Action Plan

ECM Electronic Control Module

ECP Everglades Construction Project

EFA Everglades Forever Act

EFH Essential Fish Habitat

EIS Environmental Impact Statement

EM USACE Engineering Manual

EPA United States Environmental Protection Agency
EPD EAA Environmenta Protection District

ERM Environmental Resource Management

ESA Endangered Species Act

ET Evapotranspiration

F.A.C. Florida Administrative Code

f'c concrete reduction factor

FDACS Florida Department of Agriculture and Consumer Services
FDEP Florida Department of Environmental Protection
FDOT Florida Department of Transportation

FEMA Federal Emergency Management Agency
FERC Federal Energy Regulatory Commission

FIU Field Interface Units

FLUCCS FloridaLand Use, Cover and Forms Classification System
FNAI Florida Natural Areas Inventory

FoS Factors of Safety

FPL Florida Power & Light

Fpm feet per minute

fps feet per second

FS Florida Statutes

FSI Formed Suction Intake

FFWC Florida Fish & Wildlife Conservation Commission
fy Steel Yield Strength

gd galons

GCP Generic Construction Permit

GFCI Ground Fault Circuit Interrupter

GIS Geographical Information Systems

GP Genera Permit

gpm gallons per minute

HI Hydraulic Institute

HMR hydrometeorlogical reports
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Hp horsepower

HVAC Heating, Ventilation, and Air Conditioning
HW Headwater

IDF Inflow Design Storm

IMC Interagency Modeling Center

1/O I nput/Output

|SAFP Initial Storage Filling Plan

Kh Horizontal hydraulic conductivity

Ky Vertical hydraulic conductivity

kv Kilovolts

kw Kilowatt

KVA kilovolt-ampere

LCC Life Cycle Cost Analysis

LED Light Emitting diode

LOPA L ake Okeechobee Protection Act

mA milliamps

MCC Motor Control Center

mgd million gallons per day

MGM million gallons per month

mm millimeter

mph miles per hour

MSL Moon sea level

MSS Manufacturers Standardization Society

mvV millivolt

MWL Maximum Water Level

NAAQS National Ambient Air Quality Standards
NADS83 North American Datum of 1983

NAVD North American Vertical Datum of 1988
NAVD88 North American Vertical Datum of 1988

NC Not Calculated

NEMA National Electrical Manufacturers Association
NEPA National Environmental Policy Act

NETM National Environment Technical Memorandum
NFPA National Fire Protection Association

NFSL Normal Full Storage Level

NHC National Hurricane Center

NHPA National Historic Preservation Act

NNRC North New River Cana

NOAA National Oceanic and Atmospheric Administration
NPDES National Pollutant Discharge Elimination System
NPSH Net Positive Suction Head

NPSHA Net Positive Suction Head Available

NPSHR Net Positive Suction Head Required

NRCS United States Natural Resources Conservation Service
NSR New Source Review

NVGD National Geodetic Vertical Datum of 1929
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NVGD29 National Geodetic Vertical Datum of 1929

NWL Normal Water Level

O&M Operations and Maintenance

O.D. Outside diameter

ODP Open, Drip Proof

0G Origina Grade

OoM South Florida Water Management District's Office of Modeling
OSHA Occupational Safety & Health Administration
PAL Planning Aid Letter (PAL)

PBC Palm Beach County

PFI Pipe Fabrication Institute

PIR Project Implementation Report

PLC Programmable Logic Controller

plf pounds per linear foot

PMF Probable Maximum Flood

PMP Probable Maximum Precipitation

POM Project Operating Manual

POR Period of Record

POR Preferred Operating Region

POS Period of Simulation

ppb parts per billion

Project Reservoir A-1 Project

PSD Prevention of Significant Deterioration
psi pounds per square inch

psig pounds per square inch gauge

psf pounds per square foot

PV present value

PVC polyvinyl chloride

PW Present worth

PZB Planning and Zoning Board

RCC Roller Compacted Concrete

RCRA Resource Conservation and Recovery Act
RO Reverse Osmosis

rpm rotations per minute

RTD Resistance Temperature Detector

RTU Remote Terminal Unit

SAD South Athoutic Division

SAE Society of Automotive Engineers
SCADA Supervisory Control and Data Acquisition
STC Sound Transmission Coefficient

SFWMD South Florida Water Management District
SFWMM South Florida Water Management Model

SHPO State Historic Preservation Office

SPCC Spill Prevention , Control and Counter Measure
SPDT Single Pole, Double Throw

SPF Standard Project Flood
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SPT
SRCO
SSPC
STA
STC
SWPPP
TC1
TC2
TDH
TFN
THHN
THWN
TW

UL
ULD
UMAM
us
USACE
USBR
USCG
USCOE
USEPA
USFWS
USGS
usST
Vc

Vu
WBM
WCA
WMA
WO
WRAC
WRAP
WRDA
WSE

Standard Penetration Test

Site Rehabilitation Completion Order

Steel Structures Painting Council

Stormwater Treatment Area

South Transmission Coefficient

Storm Water Pollution Prevention Plan

Test Cell Number 1

Test Cell Number 2

Total Dynamic Head

Thermoplastic Fixture Wire Nylon Jacketed
Thermoplastic high heat resistant nylon coated
Thermoplastic heat and water resistant nylon coated
Tailwater

Underwriters Laboratories IAC

Unified Land Development Code

Uniform Mitigation Assessment Method
United States

United States Army Corp of Engineers

United States Bureau of Reclamation

United States Coast Guard

United States Army Corp of Engineers

Unites States Environmental Protection Agency
United States Fish & Wildlife Service

United States Geological Survey

Underground Storage Tank

Concrete shear capacity based on ultimate strength design

Shear in concrete section based on
Water Balance Model

Water Conservation Areas

Wildlife Management Area

Work Order

Water Resources Advisory Commission
Wetland Rapid Assessment Procedure
Water Resource Development Act
Water Surface Elevation
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ES-1. EXECUTIVE SUMMARY

ES-1.1 OVERVIEW OF RECOMMENDED PROJECT

The Everglades Agricultural Area (EAA) Reservoir A-1 Project includes the following
components:

Approximately 190,000 acre-feet of storage EAA Reservoir A-1 with a perimeter
embankment and seepage canals

Construction of a northeast pump station [3,600 cubic feet per second (cfs) capacity
that pumps from North New River Canal (NNRC)]

A connector canal from the NNRC to the new northeast pump station

Evaluation of potential modifications to the existing G-370 pump station, (a 2,775 cfs
pump station that currently pumps from the NNRC to the Stormwater Treatment Area
3/4 (STA-3/4) Supply Canal)

Evaluation of potential modifications to the existing G-372 pump station, (a 3,700 cfs
pump station that currently pumps from the Miami Canal to the STA-3/4 Supply
Cana)

Gated discharge structures

Seepage pump stations
Two new two-lane bridges on U.S. 27 across the new connector canal
Improvements to conveyance capacity in the NNRC

The Opinion of Probable Cost for the recommended project, excluding contingency, is
$401,000,000 and with cost contingencies is $482,900,000. The costs are summarized in Table
ES1.1-1.

The total probable budget depends on the contingency applied to the Opinion of Probable Cost.
The Design Criteria Memorandum (DCM) for estimating cost requires a 30 percent contingency
for Basis of Design Report (BODR) level costing. However, the magjor costs in this Project are
the embankment and northeast pump station. The embankment was studied extensively and
design was based on the Test Cell Project analysis. The northeast pump station will be similar in
design to existing pump stations and the Opinion of Probable Cost for it is based on detailed
guantity take offs. Therefore, it is recommended that the contingency for these two major cost
items be reduced to 20 percent. Therefore, the overall budgeted costs would be $483,000,000.
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TableES1.1-1 Summary Opinion of Probable Cost
Direct Indirect Costs (millions) Total
Project Cost Construction | Project Cost
Component Description (millions) | Indirects® Reserve | Contingency | (millions)
Embankment | Excavation $206.6 $89.0 $14.8 $62.1 $3725
and EAA
Reservoir A-1 Embankment.
Slope Protection
Seepage Cutoff
Seepage Canal
Rock Processing
Imported Materials
Northeast Pump Station $50.3 $16.8 $3.3 $14.1 $84.5
Pump Structures
Station PUMps (6)
Mechanical
Equipment
Electrical
Equipment
Connection Candl
Site Work
Control Southwest Gate $104 $35 $0.7 $4.4 $19.0
Structures Structure
Southeast Gate
Structure
Northeast Gate
Structure and
Spillway
u.s. 27 Bridges (2) $38 $12 $0.3 $16 $6.9
Bridge
Totals| $271.1 $1105 $19.1 $82.2 $482.9

* Construction indirect costs include sales tax, general requirements, overhead and profit, and
bonds and insurance.
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ES-1.2 PURPOSE AND OBJECTIVES

The purpose of the EAA Storage Reservoir Project, as defined in the Comprehensive Everglades
Restoration Plan (CERP), is to capture EAA basin runoff and regulatory releases from Lake
Okeechobee, improve the timing of environmental water supply deliveries to Water
Conservation Areas (WCAS) through STA-3/4, meet supplemental agricultural deliveries, reduce
Lake Okeechobee regulatory releases to the estuaries, and increase flood protection within the
EAA.

In October 2003, the South Florida Water Management District (SFWMD) decided to pursue a
“Dua Track” for the EAA Storage Reservoir Project. While the multi-agency Project Delivery
Team, led by the US Army Corps of Engineers (USACE), continues to develop the Draft
Integrated Project Implementation Report (PIR), the SFWMD is proceeding with the design and
construction of areservoir located in the Everglades Agricultural Area on the land known as the
Talisman Exchange. The PIR considers compartment A of the EAA Reservoir Storage Project,
which will contain 360,000 acre-feet of water. The SFWMD's current focus is on the first phase
of compartment A, or EAA Reservoir A-1, which will store 190,000 acre-feet of water. The
regional project overview for the EAA Reservoir A-1 isshown on Figure ES-1.2-1.

FigureES-1.2-1 Regional Project Overview
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Implementation of the EAA Reservoir A-1 Project will meet objectives consistent with the
ongoing work by the USACE. In accordance with the USACE'’s Draft PIR, the objectives of the
full reservoir project include:

Reduction of the Lake Okeechobee regulatory releases to the estuaries and reduce
backpumping runoff from the Study Areainto Lake Okeechobee by sending the water
to the EAA Reservoir A-1

Improved environmental releases through the storage of water for later release to the
Everglades when needed

Improved regional water supply for the agricultural community currently served by
the EAA canals and other areas served by Lake Okeechobee

Flow equalization and optimization of treatment performance of STAs by storing
peak storm event dischargesin the EAA Reservoir A-1 for controlled release to the
Everglades through STA-3/4

Reduction of flood impacts

The Project benefits (success indicators to meeting the goals and objectives of CERP and plan
formulation) are included in the USACE PIR for the EAA Storage Reservoir project. The PIR
was published in September, 2005.

The success of the EAA Reservoir A-1 will be judged on how well the Project meets its design
objectives where applicable to Compartment A in the PIR. In terms of consistency with the goals
and objectivesidentified in the PIR, the EAA Reservoir A-1 will:

Provide significant improvement in the water deliveries through the WCAs to
STA-3/4

Provide water for agricultural deliveries not previously available from the system
Reduce the releases to the estuaries from L ake Okeechobee
Improve flood protection in the EAA

The EAA Reservoir A-1 will store up to 190,000 acre-feet of water from stormwater runoff and
releases from Lake Okeechobee at any given time. Without this Project, that water will
potentially cause flooding in the EAA, will need to be pumped to STA-3/4, will be bypassed to
tide, or will potentially be released to the estuaries from Lake Okeechobee. Thus there will be a
reduction in the potential for flooding and releases to the estuaries once the Project is compl eted.

Highlighted in the Executive Summary are some of the major considerations that support the
recommendations included in this BODR. These include EAA Reservoir A-1 configuration,
embankment cross-section, water balance, seepage, operations, pump station sizing, control
structures, and probable cost.

BLACK & VEATCH 5 EXECUTIVE SUMMARY
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ES-1.3 REGULATORY CONSIDERATIONS AND PROJECT ASSURANCES

Within the Water Resources Development Act of 2000 (WRDA 2000), the U.S. Congress
approved CERFP' s objectives to restore, preserve, and protect the south Florida ecosystem while
providing for water-related needs of the region. The components of CERP will increase storage
and water supply for the natural system, as well as for agricultural and urban needs.
Implementation of CERP must also be consistent with State law. As a local sponsor, SFWMD
has responsibilities that are outlined in Section 373.1501(5) of the Florida Statutes (F.S.).

After the EAA Reservoir A-1 Project preferred alternative is selected by the SFWMD and the
gpatia extent of the EAA Reservoir A-1 effects is identified, separate comparisons of modeling
simulations will be performed to satisfy the federal (WRDA 2000) and State (Section 373.1501
F.S.) assurances, and to identify the water available for the protection of fish and wildlife and for
other water related needs. Separate comparative analyses are planned by the SFWMD to evaluate
the following conditions:

Section 373.1501 F.S. - Assurances analysis to evaluate the quantity of water
available to existing legal users

Section 373.1501 F.S. - Assurances analysis to evaluate the effects of the EAA
Reservoir A-1 Project implementation on existing levels of flood protection

WRDA 2000 - Quantification of water made available by the EAA Reservoir A-1
Project for the protection of fish and wildlife

WRDA 2000 - Quantification of water made available by the EAA Reservoir A-1
Project for other water related needs

Project assurance had been considered in a preliminary manner as part of the evaluation of
engineering alternatives for the EAA Reservoir A-1 in the BODR. The assurances as addressed
in sections of the BODR are as follows:

Alternatives to control seepage from the EAA Reservoir A-1 and provide protection
from flooding due to seepage are described in Section 9.

Modeling results, which describe the environmental deliveriesto the WCAS, are
presented in Section 6.

Modeling results, which describe the agricultural deliveriesto the farmlands are
presented in Section 6.

The EAA Reservoir A-1 will be operated to store water, which would otherwise be
lost to tide or sent to the WCASs during wet seasons. Thisis presented in the
Operations Plan described in Section 20.
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ES-1.4 WATER BALANCE

A water balance analysis was performed for the EAA Reservoir A-1 to assess the hydrologic and
hydraulic components of the system. The analysis was performed with a water balance model
(WBM) developed by Black & Veatch Corporation (Black & Veatch), which was developed to
anayze the EAA Reservoir A-1's storage capacity and operations on a daily basis. A period of
simulation (POS) was used, which employed meteorological records for 36 years from January
1, 1965 to December 31, 2000. The WBM was based on the South Florida Water Management
Model (SFWMM), Everglades Construction Project (ECP) 2015 and 2010 simulation (version
5.4.2).

The WBM was used to optimize the storage capacity of the EAA Reservoir A-1, while
evaluating the impacts to flows in the NNRC, Miami Canal, and the STA-3/4 Supply Canal. In
addition, the model was used to evaluate pumping facility locations and sizing, and the
distribution of releases from the EAA Reservoir A-1 for environmental and agricultural and
Sizing purposes.

For the recommended reservoir configuration, based on the ECP 2015 run, the average annual
environmental delivery supplied by the EAA Reservoir A-1 via STA-3/4 is approximately
685,000 acre-feet over the POS, with a maximum of 1,486,746 acre-feet in water year 1983 and
a minimum of 103,685 acre-feet in water year 1990. The current average annual inflow to
STA-3/4 is approximately 656,000 acre-feet (Piccone, 2005). The total deliveries over the POS
are approximately 24,000,000 acre-feet.

For the recommended reservoir configuration, based on the ECP 2010 run, the average annual
agricultural delivery supplied by the EAA Reservoir A-1is 84,000 acre-feet over the POS, with a
maximum of 159,764 acre-feet in water year 1985 and a minimum of 18,922 acre-feet in water
year 1970. The total deliveries are approximately 3,000,000 acre-feet.

Figure ES-1.4-1 illustrates the average annual inflows and outflows of the EAA Reservoir A-1.
In addition, Figure ES-1.4-2, Figure ES-1.4-3 and Figure ES-1.4-4 illustrate the EAA Reservoir
A-1 operations for the selected “Average” (1991-1992), “Wet” (1977 and 1978), and “Dry”
period of water years (1971 and 1972), respectively. The performance of the EAA Reservoir A-1
for selected water yearsis also provided in Table 1.4-1.
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FigureES-1.4-1 Average Annual Inflows and Outflows of the EAA Reservoir A-1
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FigureES-1.4-2 EAA Reservoir A-1 Operation During an “Average’” Water Year
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FigureES-1.4-3 EAA Reservoir A-1 Operation During a“Wet” Water Year

(October 1, 1977 to September 30, 1978)

Example of Typical EAA Reservoir A-1 Operation During a "Wet" Water Year
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EAA Reservoir A-1 Operation Duringa“Dry” Water Year

Example of Typical EAA Reservoir A-1 Operation During a "Dry" Water Year Period
(October 1, 1970 to September 30, 1972)
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Table1.4-1 Summary of Performance of the EAA Reservoir A-1 for
Selected Water Years
1971 1992 1978
"Dry" " Average" "Wet" Complete
Y ear Y ear Y ear POS
EAA NNRC inflow, acre-feet 179,165 470,155 346,118 12,906,675
Reservoir A-1 | Miami Canal inflow, acre-feet 227,050 529,297 233,841 13,229,975
Inflows Precipitation, acre-feet 53,443 71,879 78144 | 2423429
Environmental deliveries, acre-feet 123,023 857,780 624,402 22,518,200
EAA Agricultural deliveries, acre-feet 74,451 103,491 80,440 3,073,453
Reservoir A-1 | Evaporation, acre-feet 59,730 62,708 52,156 2,081,752
Outflows | seepage, acre-feet 22,687 10,913 30,567 639,218
Excess volume outflows, acre-feet 12,599 0 0 185,494
EAA Start of year (BOD), acre-feet 7,827 7,827 188,775 0
Reservoir A-1
Volumes End of year (EOD), acre-feet 174,995 44,266 59,313 62,451
Environmental deliveries, acre-feet 360,492 1,243,166 772,530 31,778,063
. Environmental deliveries supplied by
E”V'm”g”e”ta' canals, acre-feet 9,438 71506 | 148079 | 1,694,324
A _anl tural Percentage of environmental deliveries
gre'l‘i:\‘/’er‘i’g met 37% 75% 100% 76%
Agricultural deliveries, acre-feet 176,933 126,313 80,440 4,755,705
Percentage of agricultural deliveries met 42% 82% 100% 65%
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ES-1.5 SEEPAGE CONTROL

As with other surface water features such as STA and canals, seepage will occur from EAA
Reservoir A-1 because the soil is permeable to approximately 200 feet below the surface of the
site. Both three-dimensiona MODFLOW groundwater modeling and two-dimensional SEEP/W
groundwater modeling were performed to analyze seepage from EAA Reservoir A-1. The
groundwater models were used to eval uate the following major issues:

The effect of seepage on embankment stability
The amount of water the EAA Reservoir A-1 loses to seepage

The percentage of seepage that can be collected and returned to the EAA Reservoir
A-1

The effectiveness of various seepage control alternatives

The amount of unrecoverable seepage, if any, that migrates to surrounding areas from
various seepage control alternatives

The effect of any unrecoverable seepage on groundwater levels in the surrounding
areas.

Although quite effective at reducing seepage, cutoff walls of practical depth cannot completely
eliminate seepage from EAA Reservoir A-1. Additional seepage control measures were
considered, including the effect of lowering the water level in the seepage canal as away to draw
seepage to the surface and the use of pressure-relief wells to intercept deep seepage before it
migrates to surrounding areas. Five seepage control alternatives were evaluated with
MODFLOW.

Alternative 1 - 34-foot cutoff wall and 13.5-foot deep seepage canal around entire
EAA Reservoir A-1, seepage cana water level held 3.5 feet below the groundwater
level in adjacent farmland

Alternative 2 - 34-foot cutoff wall and 10-foot deep seepage canal around west, north,
and east sides; 10-foot cutoff wall and no seepage canal along STA-3/4 and Holey
Land; seepage canal water level held at the same level as the groundwater in the
adjacent farmland

Alternative 3 - 34-foot cutoff wall and 13.5-foot deep seepage canal around west,
north, and east sides; 10-foot cutoff wall and no seepage canal along STA-3/4 and
Holey Land; seepage cana water level held 3.5 feet below the groundwater level in
adjacent farmland

Alternative 4a - Pressure-relief wells spaced at 100 feet linked together in setswith a
total of 21 pump stations of 3,900 gallons per minute (gpm) each; 34-foot cutoff wall
and 10-foot deep seepage canal around west, north, and east sides; 10-foot cutoff wall
and no seepage canal along STA-3/4 and Holey Land; seepage cana water level held
at the same level asthe water level in the adjacent farmland. Alternative 4b includes
separate pumps in each well, each with a capacity of approximately 150 gpm, which
discharge to the seepage canal.
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Alternative 5a - Pressure-relief wells spaced at 200 feet linked together in setswith a
total of 23 pump stations of 3,300 gpm each; 34-foot cutoff wall and 10-foot deep
seepage canal around west, north, and east sides; 10-foot cutoff wall and no seepage
canal along STA-3/4 and Holey Land; seepage canal water level held at the same
level asthe water level in the adjacent farmland. Alternative 5b is similar to
Alternative 5a except that it includes separate pumpsin each well, each with a
capacity of approximately 275 gpm, which discharge to the seepage canal.

Alternative 1, including a 34-foot cutoff wall and a 13.5-foot deep seepage cana surrounding the
entire EAA Reservoir A-1 and maintaining the water level of the seepage canal below the level
in the surrounding farmlands, would be the most effective of the five alternatives evaluated.
However, this alternative includes a significantly higher present worth cost of between $134 to
$181 million more than the other alternatives eval uated.

The other seepage control aternatives alow migration of seepage to the Holey Land and
STA-3/4, but essentially eliminate impacts to farms and U.S. 27.

Alternative 2 allowed seepage into the farmland and included an estimated cost for the seepage
to be pumped off the land by the farmers. Modeling results for Alternative 3 indicate that
maintaining the water level of the seepage cana below the water levels in the farmlands
effectively prevents offsite migration of seepage. The installation of pressure-relief wells as
described by Alternatives 4 and 5 is predicated upon capturing deep seepage at the point where
water passes beneath the bottom of the cutoff wall.

Alternatives 2 and 3 are the lowest cost aternatives. Alternative 3 allows the SFWMD more
control of the pumping rates in the seepage canal than aternative 2, which relies on the farmers
to pump the seepage. These two alternatives will be further assessed during the EAA Reservoir
A-1design.

A monitoring program of groundwater levels in the farmland should be initiated during the
construction of the EAA Reservoir A-1 and continued after construction is completed. Thiswill
provide information to the SFWMD for evaluating the effectiveness of the selected seepage
control measures. The monitoring program is a means to document whether flood protection
(from seepage) has been provided as required by the Project assurances, which are discussed in
Section 4.

ES-1.6 RESERVOIR CONFIGURATION

The configuration of the EAA Reservoir A-1 embankment and seepage canals directly affect the
total amount of storage for the EAA Reservoir A-1. In order to achieve the storage requirement
of 190,000 acre-feet, setback requirements were balanced with the total area available to meet
this requirement. This is presented in greater detail with respect to SFWMD, USACE, and U.S.
Fish & Wildlife Service (USFWS) input, construction considerations, cost, and other factorsin
Section 8. Setbacks for each side of the EAA Reservoir A-1 embankment are summarized below.
The configuration provides storage in EAA Reservoir A-1 of 190,000 acre-feet at a depth of 12
feet and an EAA Reservoir A-1 footprint area of approximately 16,000 acres. The limits of the
land for the proposed EAA Reservoir A-1 and EAA Reservoir A-2 site are shown on Figure ES-
1.6-1. The configuration provides storage in EAA Reservoirs A-1 and A-2 of 360,000 acre-feet.
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FigureES-1.6-1 Reservoir Parcels A-1 and A-2

North Boundary and North Portion of West Boundary (Portion North of Future Reservoir A-2)
: 150-foot setback from EAA Reservoir A-1 boundary to the seepage candl

75-feet wide seepage canal

200-foot setback from seepage canal to the outside toe of the embankment for
construction stockpiling and future wetland areas

300-foot setback from the inside toe of the embankment to the internal borrow
excavation

The cross-section for these setbacks is shown on Figure ES-1.6-2

Figure ES-1.6-2 North Boundary Setbacks
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East Boundary (Portion Adjacent to U.S. 27)

50-foot setback from highway right-of-way to the seepage canal
75-foot wide seepage canal

150-foot setback from seepage canal to the outside toe of the embankment for
construction stockpiling and future wetland areas

300-foot setback from the inside toe of the embankment to the internal borrow
excavation

The cross-section for these setbacks is shown on Figure ES-1.6-3.

FigureES-1.6-3 East Boundary Setbacks
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South Boundary and South Portion of West Boundary (Portion Adjacent to the STA-3/4 Supply
Canal)

To minimize cost and maximize storage, the configuration along the STA-3/4 Supply
Cana will incorporate the northern embankment of the Supply Canal. This
configuration is discussed in further detail in Section 8 of this BODR. A 300-foot
setback from the inside toe of the embankment to the internal borrow excavation will
apply. The cross-section for this embankment is shown on Figure ES-1.6-4; for
clarity, the drawing does not show the extent of the setback.

FigureES-1.6-4 Zoned Embankment along STA-3/4 Supply Canal
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Boundary Adjacent to Future Reservoir A-2

75 feet wide seepage canal

150-feet wide setback from seepage canal to the outside toe of the embankment for
construction stockpiling

300 feet setback from the inside toe of the embankment to the internal Borrow Canal

Curved corners provide an additional benefit and will be utilized in the northwest and southeast
corners of EAA Reservoir A-1. Both the northwest and southeast corners will be curved at a
radius that aids construction of the embankment. Because of the acute angle, in the southeast
corner, an embankment configuration that parallels the EAA Reservoir A-1 property line adds
little additional storage. Therefore, attention will be given to cost when selecting the radius in the
southeast. Additionally, the radius of the southeast corner must be sufficient to prevent relocation
of existing facilities, including existing helipads. An overall site layout is shown in Figure ES-
1.6-5

Figure ES-1.6-5 Overall Site Layout
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ES-1.7 EMBANKMENT CROSS-SECTION

Two fundamental types of embankments were considered for this site:
A concrete gravity type dam using roller compacted concrete (RCC)
A zoned embankment dam

Each type was considered in detail during the preparation of this BODR. A number of alternative
arrangements for each type were considered and an opinion of probable cost prepared to evaluate
the cost effective aspects of each aternative. The advantages, disadvantages, and risks of each
section were considered. A summary of the evaluations and findings are presented in Section 8
of the BODR.

The evaluation of aternatives must consider initial and long-term stability, seepage control,
foundation conditions, and probable costs with appropriate allowances for risks, uncertainties
and the cost of mitigation measures. The construction sequence and requirements for each
aternative has been considered in detail. The most favorable concrete dam and embankment
sections are presented below.

The roller compacted concrete gravity dam section depicted in the most recent Tentatively
Selected Plan prepared by USACE is composed of a three stepped RCC section with a vertical
face on the interior of the dam. The advantages and disadvantages of the RCC dam are presented
in Section 8. The cross-section for the RCC dam is shown in Figure ES-1.7-1.

FigureES-1.7-1 Cross-Section of Roller Compacted Concrete Dam
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A zoned embankment concept has been developed to utilize materials from the required seepage
collection canal excavations and available on-site borrow resources, and to minimize sorting and
processing of the excavated materials for embankment construction. The rockfill zone material
will be produced from the caprock providing structural stability to the upstream slope. The
advantages and disadvantages of a zoned embankment are presented in Section 8. The cross-
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section for the zoned embankment is shown in Figure ES-1.7-2, and the cross section for the
zoned embankment along STA-3/4 is shown in Figure ES-1.7-3.

FigureES-1.7-2 Zoned Embankment Cross-Section
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Figure ES-1.7-3 Zoned Embankment Cross-section along STA-3/4 Supply Canal
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The purpose of the foundation seepage control is to mitigate seepage losses from the EAA
Reservoir A-1, protect the foundation from possible damage by piping, and minimize excess
uplift pressures to enhance stability. With higher head in the EAA Reservoir A-1, foundation
stability issues are more critical and economic impacts due to pumping would experience on a
long-term basis. Several different configurations to mitigate seepage from the EAA Reservoir A-
1 and control exit pressures were evaluated: adequately sized key trench, cutoff wall or upstream
blanket, and increasing the distance between the EAA Reservoir A-1 and seepage collection
canal. In view of the potential for piping, afoundation cutoff wall to a minimum depth of 34 feet,
or the base of the Fort Thompson Formation, is recommended for seepage control.
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Based on the results of the technical and cost evaluation, the least cost alternative shown in
Figure ES-1.7-2 and Figure ES-1.7-3 are preferred alternative to be advanced to 30 percent
design.

ES-1.8 PUMP STATION AND DISCHARGE STRUCTURES

ES-1.8.1 Pump Station

Figure ES-1.8-1 and Figure ES-1.8-2 show potentia layouts for gates and pump stations at the
EAA Reservoir A-1. Seven pumping and discharge alternatives were selected for preliminary
consideration. In general, al alternatives except one were based on the addition of a new
northeast pump station located adjacent to the NNRC in the northeast corner of the EAA
Reservoir A-1 site.

FigureES-1.8-1 Pumping and Dischar ge Facilities - Alternative No. 2
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FigureES-1.8-2 Pumping and Dischar ge Facilities - Alternative No. 3
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The operating level of the EAA Reservoir A-1 will fluctuate between elevation 8.6 and 20.6
NAVD88. The norma and maximum design operating elevations of the STA-3/4 Supply Canal
are 13.6 and 16.6 NAV D88, respectively. Both G-370 and G-372 pump stations are designed to
pump to these elevations. However, pumping to elevation 16.6 NAVD88 will rapidly diminish
thelir respective design capacities. While it is possible to partially supply the EAA Reservoir A-1
from G-370 and G-372 pump stations without modifications, significant modifications would be
required to pump to the full EAA Reservoir A-1 elevation of 20.6 NAVD88.

Further evaluations were completed using the WBM in an effort to optimize the performance of
the pump stations and EAA Reservoir A-1. Two fundamental optimization criteria were
considered:

Optimization based on effectiveness of supplying environmental and agricultural
deliveries

Optimization based on effectiveness of capturing priority water sources. Listed in

order of descending priority the water sources are runoff from the NNRC drainage
and backpumping to Lake Okeechobee, and L ake Okeechobee releases.

Optimization was considered to be achieved when further increases in the size of the northeast

pump station no longer provided significant benefit. Numerous combinations of northeast pump
station sizes and modifications to existing G-370 and G-372 pump stations were eval uated.

Evaluations found that the optimization goal of installing the most cost effective pump capacity

to meet maximum deliveries ran counter to the goal of maximizing pump capacity to capture
local runoff, pump backs, and L ake Okeechobee regulatory releases:

A northeast pump station sized for 1,500 cfs working with G-370 and G-372 pump
stations unmodified would provide sufficient capacity during the first phase of

operation to provide the maximum delivery percentages that can be expected with an
EAA Reservoir A-1 of 190,000 acre-feet of storage volume. Further modifications to
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the NNRC and to G-370 and G-372 pump stations to allow pumping capacities of
2,220 and 3,700 cfs respectively to full EAA Reservoir A-1 water depth would
provide the additional capacity needed for the second phase of operation. A
conveyance capacity of up to 6,400 cfs would be required in the NNRC depending on
the alternative selected.

A northeast pump station sized for 3,500 to 4,000 cfs working with G-370 and G-372
pump stations unmodified would be required to provide sufficient capacity during the
first phase to maximize local runoff and pump back capture. NNRC modifications
would also be required to increase conveyance capacity. Further modifications to G-
370 and G-372 pump stations to allow pumping capacities to full EAA Reservoir A-1
water depth would provide the additional capacity needed for the second phase of
operation.

The second alternative has several advantages over the first:

The larger pump station can meet all of the delivery goals that a 1,500 cfs pump
station would meet but the smaller station could not provide the same priority
removal levels.

A 3,500-4,000 cfs pump station would provide a significant increase in flood
protection capacity.

Having a substantial pumping capability in the northeast pump station will ease the
disruption that will be experienced during the phase two modifications of G-370 and
G-372 pump stations.

The larger pump station allows for capture of most storm related peak flows.

The primary disadvantage for the larger pump station alternative is cost (about $15.4 million). In
addition to the costs associated with a smaller pump station, the 1,500 cfs pump station can
provide the optimum deliveries without canal modification for the first phase, and minimal canal
modification for the second phase. To be effective, the larger pump station would require canal
modifications that coincide with the first phase of construction.

Northeast pump station recommendation:

Construction of a 3,600 cfs northeast pump station concurrent to the construction of
EAA Reservoir A-1.

Use of the G-370 and G-372 pump stations unmodified during phase one operation to
pump into the EAA Reservoir A-1 when its water levels are less than eight feet and
directly to the STA-3/4 Supply Canal when EAA Reservoir A-1 water levels are
greater than eight feet.

Modification of the G-370 and G-372 pump stations to pump 2,220 and 3,700 cfs,
respectively, to full EAA Reservoir A-1 depth as part of the construction of phase two
(EAA Reservoir A-2).

Canal modifications to provide matching conveyance capacity, with an associated
cost of up to $37 million depending on the alternative selected.
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ES-1.9 DISCHARGE STRUCTURES

Three gate structures are required for implementation of the recommended alternative as shown
on Figures ES-13 and ES-14. Two structures located in the southern embankment would be
required to provide a dua function of EAA Reservoir A-1 filling and environmental deliveries
from the EAA Reservoir A-1. Some studies have suggested that a water quality benefit may
result from passing water through EAA Reservoir A-1 prior to discharging to STA-3/4.
Additional structures would be required in order to achieve the potential water quality benefit.
Implementation of the latter alternative would increase the project cost by approximately $26
million. Because of the added cost and a relatively small (13 to 17 percent reduction in
phosphorus loading) water quality benefit, the three gate structure option is recommended. Even
with the recommended alternative, operational strategies can be implemented to achieve the goal
of routing much of the water through the EAA Reservoir A-1 before passing to the STA-3/4.

In addition to the gate structures the EAA Reservoir A-1 will be equipped with an orifice-type
spillway which will guard against overfilling. The spillway will be designed to limit overflow
discharges to less than 500 cfs during rainfall events with less than a 100-year recurrence
interval.

ES-1.10 OPERATIONS

A Project Operating Manual (POM), for day-to-day use in managing essentially all foreseeable
conditions affecting the EAA Reservoir A-1 will be developed upon completion of the Project.
However, a draft has been prepared as part of this BODR for use during the Draft Integrated
Project Implementation Report/Environmental Impact Statement (PIR/EIS) phase of the EAA
Reservoir A-1 Project. The manual will be modified and revised, as necessary, through several
Project phases. During the detailed design phase, it will be modified to define any temporary
operations to be used during construction, including start-up and filling. The Operation Manual
for STA-3/4 will aso be modified as required, to reflect operations during periods when
construction in the embankments for the Inflow and Supply Canals could disrupt operations.

Knowledge gained from the Operational Testing and Monitoring Phase will then be incorporated
into the Draft POM, which will be coordinated with SFWMD and the USACE Jacksonville
District (SAJ), and will supersede al other iterations of the Draft POM. The final version of the
POM will be used by SFWMD when they accept responsibility for long term operations of the
EAA Reservoir A-1.

The EAA Reservoir A-1 will store runoff that would otherwise have gone to tide and will
improve the quantity, timing, and distribution of water deliveries to the environment. It has been
demonstrated using an area specific computer model, applied to a period of simulation data from
the SFWMM (which is the same as the ECP 2010 and 2015 version 5.4.2 model), that
approximately 685,000 acre-feet per year of water can be delivered to the environment by EAA
Reservoir A-1. Operating criteria for EAA Reservoir A-1 will be developed in subsequent
versions of this POM to be consistent with the water reservations or alocations for the natural
system made by the State in accordance with the WRDA 2000.

EAA Reservoir A-1 will also provide water for substantial agricultural deliveries by capturing
storm runoff. Agricultural deliveries that cannot be met by the EAA Reservoir A-1 will continue
to be supplied from Lake Okeechobee. When water is available in the EAA Reservoir A-1 for
agriculture, it will normally be released through the northeast gate structure located near the
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northeast pump station from where it will flow to the NNRC via the connector canal from the
pump station. When the EAA Reservoir A-1 water level is below that needed for gravity flow to
the NNRC, pumps located in the northeast pump station will be activated to deliver water to the
NNRC. It has been demonstrated using an area specific computer model that a high percentage
of the agricultural needs along the NNRC can be provided by EAA Reservoir A-1.

The EAA Reservoir A-1 will be operated to assure that implementation of the project will not
diminish flood protection in the EAA. During periods when the EAA Reservoir A-1 contains
water and it is necessary to prevent seepage from impacting adjacent properties, the seepage
canal water level will be pumped down as required to prevent the groundwater level from rising.
A groundwater model has been utilized to verify that lowering the water level in the seepage
canal will be effective in preventing flooding of adjacent properties.

The EAA Reservoir A-1 Project will also provide capacity to store storm runoff and will increase
the pumping capacity from the NNRC. In addition, areas within the EAA Reservoir A-1
previously used for agriculture will no longer deliver runoff to the NNRC, thereby making
available 500 cfs of NNRC water that was previously unavailable. Therefore, the Project will not
diminish flood protection and should reduce flooding in the NNRC under most conditions.
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1. INTRODUCTION
1.1 THE COMPREHENSIVE EVERGLADES RESTORATION PLAN (CERP)

1.1.1 General

The Comprehensive Everglades Restoration Plan (CERP) is charged with restoring the River of
Grass and reviving habitat for more than sixty threatened and endangered species, restoring the
Everglades National Park’s natural water flows from Lake Okeechobee to Florida Bay, and
establishing a reliable environmental, urban, and agricultural water supply while providing
improved flood protection. The CERP mission is:

Restoration of America’'s Evergladesistheworld's

largest environmental project of its kind
CERP was designed to capture, store and redistribute fresh water previously lost to tide and to
regulate the quality, quantity, timing, and distribution of water flows. The 30-year, $8 billion
CERP is being funded, managed, and implemented through a unique 50-50 partnership between
the state and federal governments. Situated at a central point at the head of the Everglades, the
Everglades Agricultural Area (EAA) Reservoir A-1 has been described as a keystone to the
success of CERP by allowing the necessary control of water with aflexible delivery schedule.

1.1.2 Central & Southern Florida (C&SF) Project

CERP provides a framework and guide to restore, protect, and preserve the water resources of
central and southern Florida, including the Everglades. It covers 16 counties over an 18,000-
square-mile area, and centers on an update of the Central & Southern Florida (C& SF) Project.

The C& SF Project is a multi-purpose project which was first authorized in 1948 to provide flood
control, water control, water supply, and other services to the area that stretches from Orlando to
Florida Bay. The C& SF Project has performed its function well. At present the C& SF project
includes 1,000 miles of canals, 720 miles of levees, and several hundred water control structures.
It provides water supply, flood protection, water management and other benefits to south Florida.

However, the C& SF Project has had unintended adverse effects on the unique and diverse south
Florida ecosystems, including the Everglades and Florida Bay. While providing flood protection
and water supply, it has significantly atered the Everglades and the rest of south Floridas
ecosystem. One result of this ateration is that billions of gallons of water that flow through the
C& SF project's canal system are wasted. Historically, the rain that fell on south Florida was
stored in the system - on and above the ground. Now the C& SF Project quickly drains rainfall off
the land. Similarly, during dry periods water is diverted to meet other water supply needs.

The resulting ecological problems are complex. However, in short, the Everglades are not
receiving the proper quantity or quality of water at the right place or the right time. Too much or
too little water is often sent to the Everglades marshes, coastal estuaries, and Biscayne and
Florida bays. The historical and present flow patterns are illustrated in Figure 1.1-1. The Figure
also shows the aspiration for the future.

The Water Resources Development Act (WRDA) in 1992 and 1996 provided the U.S. Army
Corps of Engineers (USACE) with the authority to re-evaluate the performance and impacts of

BLACK & VEATCH 1-2 INTRODUCTION



EAA Reservoir A-1 Basisof Design Report January, 2006

the C& SF Project, to recommend improvements and or modifications to the project in order to
restore the south Florida ecosystem, and to provide for other water resource needs. The purpose
of the C&SF Project Comprehensive Review Study (Restudy) was to re-examine the C& SF
Project and determine the feasibility of modifying the project to improve the sustainability of
South Florida. Specifically, the Restudy investigated:

Structural and operational modifications to the C&SF Project for improving the
quality of the environment

Improving protection of the aquifer

Improving the integrity, capability, and conservation of urban and agricultural water
supplies

Improving other water-related purposes

Both the problems with declining ecosystem health and the solutions to Everglades's restoration
can be framed by four interrelated factors. quantity, quality, timing, and distribution of water.
CERP was designed to capture, store and redistribute fresh water previously lost to tide and to
regulate these four key elements.

The principal goal of restoration is to deliver the right amount of water, of the right quality, to
the right places, and at the right time. The natural environment will respond to these hydrologic
improvements, and health will be restored to the Everglades ecosystem.

1.1.3 CERP

On December 11, 2000, the WRDA 2000 was signed into law by the President of the United
States (Public Law No. 106-541, of the 106th Congress). Title VI, Section 601, of WRDA 2000,
describes authorizations specific to CERP. CERP includes more than 60 elements, will take more
than 30 years to construct, and will cost an estimated $7.8 billion. CERP’'s mgjor components
are:

Surface Water Storage Reservoirs
Water Preserve Areas
Management of Lake Okeechobee as an Ecological Resource
Improved Water Deliveriesto the Estuaries
Underground Water Storage
Treatment Wetlands
Improved Water Deliveriesto the Everglades
Removal of Barriersto Sheetflow
Sorage of Water in Existing Quarries

10. Reuse of Wastewater

11. Pilot Projects

12. Improved Water Conservation

13. Additional Feasibility Sudies
CERP's predominant feature is water storage. CERP captures most of the average 1.7 billion
gadlons of water a day discharged to the ocean. This water will be stored in more than
217,000 acres of new reservoirs and wetlands-based treatment areas, and about 300 underground
Aquifer Storage and Recovery (ASR) wells. These features vastly increase the amount of water
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storage available in south Florida. CERP will ensure a reliable, adequate supply of fresh water
for environmental, urban, and agricultural users. Environmenta deliveries to the Everglades will
meet the 10 parts per billion (ppb) limit for phosphorus and the flow pattern across the
Everglades will match the historic pattern more closely as shown on Figure 1.1-1.
Approximately 80 percent of the new water captured by CERP will go to the environment and
20 percent will be used to enhance urban and agricultural supplies.

Figure1.1-1 Restoringthe Everglades Flow Pattern
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Floridais alow-lying, flat, rainfall rich state, and is prone to flooding. Today, the C& SF Project
provides flood protection on a regional basis for south Florida, supported by many locally
operated cana networks. CERP will maintain, and potentially improve, this important flood
protection element of the C& SF Project.

Without intervention, the region will experience continued degradation (frequent water
shortages) of the Everglades, coastal estuaries, fisheries, and other natural resources; and more
frequent flooding.

Implementation of CERP will result in the recovery of healthy, sustainable ecosystems in south
Florida. It is a plan that will lead to a strong economy and a much-improved environment for
people, and the plants and animals that depend on the natural system for their survival. CERP
contains components essential to achieving this goal.

114 Project Assurances

The C& SF Project provides economic benefits through regional water supply, flood protection,
navigation, and recreation. While most people recognize the need for a healthy ecosystem to
support the region's economy and jobs, there are others who are concerned that potential
restoration projects will displace farms and other businesses, limit development, and reduce job
opportunities. By contrast, continued degradation of the south Florida environment will
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inevitably adversely affect the tourism and recreational industry that are important to the regional
economy.

Public concerns about water supply and flood control generally center on preservation of existing
forms of protection from relatively frequent flooding, and delivering water for aguifer recharge,
as provided by the C& SF Project.

Implementation of CERP will require the cooperation and collaboration of federal, state, and
tribal entities. These interests all seek assurances that they will receive the anticipated benefits
from CERP. Within WRDA 2000, Congress approved CERFP’s objectives to restore, preserve,
and protect the south Florida ecosystem while providing for water-related needs of the region.
Provisions in Section 601(h) of WRDA 2000, “Assurance of Project Benefits,” resulted in an
agreement between the federal government and the State of Florida

Section 601(h)(4) of WRDA 2000 specifies that an Integrated Project Implementation Report
(PIR) will be used to document consistency with CERP to:

Satisfy the programmatic regulations
Comply with the National Environmental Policy Act (NEPA)

Identify the appropriate quantity, timing, and distribution of water dedicated and
managed for the natural system

Comply with water quality standards and permitting requirements

Identify the amount of water to be reserved or alocated for the natural system
necessary to accomplish the quantity and quality objectives

Be based on the best available science
Include an analysis of cost-effectiveness and engineering feasibility of the Project

Section 601(h)(5) of WRDA 2000 specifies a savings clause that must be considered when
implementing a project under CERP. Protection of existing legal sources from elimination or
transfer and protection of the level of service of flood protection existing as of December 2000 is
required by the federal law. The PIR will contain the analyses required to determine whether an
elimination or transfer has occurred as a result of implementation of CERP and whether levels of
service for flood protection will be reduced.

Implementation of CERP must also be consistent with state law. As a local sponsor, South
Florida Water Management District (SFWMD) has responsibilities that are outlined in
Section 373.1501(5) of the Florida Statutes (F.S). Subsection (d) requires the SFWMD to
provide reasonabl e assurances that:

The quantity of water available to existing legal users shall not be diminished by
implementation of project components so as to adversely impact existing legal users

Existing levels of service for flood protection will not be diminished outside the
geographic area of the project component

Water management practices will continue to adapt to meet the needs of the restored
natural environment
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1.15 Phosphorus

Phosphorus pollution has been a concern in the Everglades for many years. It is generaly
thought to be caused by natural leaching, urban runoff, and agricultura runoff from sugar
plantations, vegetable farms, and livestock operations. Excess phosphorus can cause imbalances
in vegetation and habitat, and alternative ecosystems. Much of this phosphorus is discharged in
water from the EAA. The EAA has been used intensively for farming, particularly sugar cane,
since the 1950s. In 1988, the federal government sued the State of Florida and two of its
agencies, aleging that water released onto federal lands from agricultural sources contained
elevated levels of phosphorus and other nutrients in violation of state water quality standards.
Based on a 1992 Consent Decree settling this lawsuit, Florida enacted the Everglades Forever
Act (EFA) in 1994. Florida later amended the 1994 EFA to create flexibility in meeting
deadlines for phosphorus mitigation to 2016 or later. In July 2003, Florida issued a rule
establishing a phosphorus limit of 10 ppb in water released to Federal lands and methods to
measure compliance with that limit.

Total phosphorus concentrations are highest in the northern Everglades and lowest in the
southern Everglades. This is indicative of phosphorus-rich water in the canals that carry water
from the EAA, although urban runoff has also been identified as a contributor.

When bodies of water experience an excessive inflow of nutrients such as phosphorus there is a
subsequent increase in plant growth. When the plants die and decompose, they consume
dissolved oxygen from the water. If dissolved oxygen levels fall substantially and rapidly, fish
and aquatic plant populations suffer. The process also encourages the growth of plants which
enjoy these high levels of nutrients. For example, an excessive phosphorus levels in the
Everglades is the primary factor behind the conversion of native sawgrass marshes and sloughs
to vegetation stands dominated by cattails. This shift in vegetation has resulted in fewer habitats
for wading birds and other wildlife, and reduced populations of several native plant species.
Further, the rapid growth of cattails is partly responsible for clogging waterways and altering the
hydrology in parts of the Everglades.

Excessive phosphorus inflow into the Everglades can be traced back to the 1940s with the
clearing of exposed soils, which began to erode and leach phosphorus into waterways that
connected to the Everglades. Production intensified after the Cuban revolution in 1959, as Cuban
exiles fled to Florida and established sugar plantations. By the mid-1960s, Florida sugar
production had increased four-fold. Today, sugarcane production contributes two-thirds of the
economic production of Everglades's agriculture, and uses nearly 80 percent of the crop land in
the EAA. Sugar production contributes phosphorus to the ecosystem primarily through fertilizers
and to a lesser extent through decomposition of plants. Fertilizers and plant decomposition are
also the main cause of phosphorus leaching from vegetable production.

Stormwater Treatment Areas (STAS) are constructed wetlands developed to act as buffers
between the EAA and the natural wetlands in the Everglades. The purpose of the STAs is to
remove excess nutrients, primarily phosphorus, from the water through a number of biological
and physical processes. The clean water is then discharged to the Everglades. The EAA
Stormwater Treatment Expansion project will increase the size and enhance the performance of
existing STAs. The project will expand STA-2 by 2,000 acres and STA-5 by 2,560 acres. This
will further reduce nutrient and other pollutant levelsin order to meet the water quality standards
for the Everglades.
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1.1.6 System Limitations

The existing canal system is used for drainage of local runoff, irrigation of the agricultural areas,
and for transport of Lake Okeechobee water releases. Currently, the canal capacity is limited and
users have permits to discharge between 0.0315 and 0.063 cubic feet per second (cfs) per acre
(equivalent to 3/4-inch and 1.5 inches per day of runoff, respectively) during and after
precipitation events. This becomes a localized flooding issue when rainfall occurs. Potential
agricultural crop damages could be avoided if the water transport could be better managed. The
SFWMD has identified severa priority removals that need to be considered as part of this
Project, listed in order of declining preference, they are:

Improvement of local drainage — allow increased and more consistent removals of
stormwater from agricultural lands during intense rain events

Reduction or elimination of Lake Okeechobee backpumping — when the capacity of
the canal system is exceeded due to intense rain events, stormwater can be pumped
back to Lake Okeechobee. This stormwater contains high levels of nutrients, which
impair the water quality in the Lake

Management of Lake Okeechobee water releases to direct flows to the Everglades or
for local irrigation — reduce the amount of water discharged to the estuaries

1.2 EXISTING EAA WATER DISTRIBUTION SYSTEM

1.2.1 General

The layout of the existing EAA infrastructure is shown on Figure 1.2-1Error! Reference source
not found.. In general, the EAA is divided into basins of varying sizes and each basin
contributes to a canal or system of canals. The canas are used to convey water into and out of
Lake Okeechobee depending on prevailing conditions, operational needs, floods, and irrigation
requirements.

At times of need, water for irrigation is released from Lake Okeechobee into the canals running
through the EAA for distribution. When drainage is required, the potentially phosphorus rich
runoff from the agricultural operations is collected in the canals and pumped to STAswhereit is
treated before being passed on through the system to the Water Conservation Areas (WCAS) and
the Everglades.

However, during intense rainfall events the flow exceeds the capacity of the system to treat the
runoff in the STAS, so water has to be backpumped into L ake Okeechobee. Thisisthe role of the
S2 and S-3 pump stations. This backpumping is damaging to Lake Okeechobee, and is a
reduction target under CERP.

Changes are being made to the system to enhance STA performance and increase cana
conveyance capacity but there is currently no way to manage water flows. Rainfall is pumped
when it rains but without storage, stormwater flow can not be regulated for quantity or timing.

BLACK & VEATCH 17 INTRODUCTION



EAA Reservoir A-1 Basisof Design Report January, 2006

Figure1.2-1 Existing EAA Infrastructure
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Configuration of Canals and Basins

The canas provide conveyance from Lake Okeechobee to tide and certain canals allow
interbasin transfer within the EAA. The basins are the:

S-2, S6, and S-7 Basins, to the East which is associated with the North New River
Canal (NNRC) and the Hillsboro Canadl

S-3, S-8 Basins to the West, which is associated with the Miami Canal
S-5A Basin to the Northeast, which is associated with the West Palm Beach Cand

Bolles and Cross Canals for interbasin transfer east and west

Lake Okeechobee provides water south to the EAA through three gated spillway structures,
S-351, S-354, and S-352.

S-351 is located next to pump station S-2 and supplies the NNRC and the Hillsboro
Canal. The NNRC flows south past the Bolles and Cross Cana confluences to the
G-370 pump station, continues on south to structure S-7 and on into the Everglades
Protection Area. Currently G-370 pump station feeds the east end of the STA-3/4
Supply Canal. The Hillsboro Canal flows south past the Ocean Canal, then past the
Cross Cana confluence. The Hillsboro Cana continues south to structure S-6 and
then into the Everglades Protection Area.

BLACK & VEATCH 1-8 INTRODUCTION



EAA Reservoir A-1 Basisof Design Report January, 2006

S-354 is located next to pump station S-3 and supplies the Miami Canal which can
flow south past the Bolles Canal, down to the G-372 pump station, and then continues
south to structure S-8 and on into the Everglades Protection Area. The G-372 pump
station pumps water into the STA-3/4 Supply Canal which currently feeds the Holey
Land Wildlife Management Area (WMA) and STA-3/4.

S-352 discharges into the West Palm Beach Canal. The West Palm Beach Canal
flows south past the Ocean Cana confluence and into structure S-5A, it then
continues east into the C-51 Canal.

The Bolles Canal, Cross Canal, and Ocean Cana lie generally in the east-west direction and
connect between basins. The other canals are oriented more north to south. The most common
flow pattern is the Bolles Canal flowing east, and the Cross Canal flowing west, both discharging
at a common location into the NNRC. There are numerous secondary agriculture canals that
connect to the major canals along with seepage ditches common outside the canal levees.

Features and operation of the existing system pertinent to the EAA Reservoir A-1 project are
described in more detail below.

1.2.3 S-2, S-6 and S-7 Basin - NNRC

The NNRC islocated along the eastern border of EAA Reservoir A-1. It provides drainage to the
area extending from gated discharge structure S-351 to pump station S-7. Pump station S-2,
situated adjacent to structure S-351, is a 3,600 cfs pump station which currently pumps excess
NNRC drainage into L ake Okeechobee.

G-370 pump station is a three-unit pumping station located on the west side of U.S. 27 and the
NNRC, about 25 miles south of Belle Glade, Florida. It provides flood protection to the upstream
agricultural basins that total approximately 222 square miles. While the removal of stormwater
runoff from the upstream basins is the primary function of the pump station, it is also used to
convey regulatory releases and supplemental flows from Lake Okeechobee, and water releases
sent to STA-3/4 to maintain minimum depth in the treatment cells.

124 S-3, S-8 Basin - Miami Canal

The Miami Canal carries flows between gated discharge structure S-354 at Lake Okeechobee,
and S-8 at the southern edge of the EAA. Pump station S-3 situated adjacent to structure S-354,
is a 2,580 cfs pump station that currently pumps excess Miami Cana drainage into Lake
Okeechobee.

G-372 pump station is a four-unit pumping station located about 25 miles southwest of Belle
Glade, Florida, and 7 miles north of S-8 pump station. It provides flood protection to upstream
agricultural basins along the Miami Canal totaling approximately 277 square miles. Similar to
the G-370 pump station, the primary function of the pump station is the removal of stormwater
runoff from the upstream basins. In addition, it conveys regulatory releases and supplemental
flow from Lake Okeechobee and water releases sent to STA-3/4 to maintain minimum depth in
the treatment cells. G-372 pump station can also be used to release water into the Holey Land
WMA at the SFWMD’ s discretion.

Normal operations at the Miami Canal system are similar to those of the NNRC.
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1.2.5 STA-3/4

The STA-3/4 Supply Canal conveys discharges from G-370 and G-372 pump stations to the
inflow structures for the three flow-ways comprising STA-3/4. STA-3/4 is a wetlands treatment
system for the removal of phosphorus. The inflow to the northern STA cells is controlled by a
series of gated hydraulic structures. Discharge from the STA is controlled by similar structures
on the southern side of the area. The treated water from STA-3/4 passes south to WCA-3A.

The STA-3/4 is currently undergoing enhancements, including the construction of an internal
leveein Cell 3 with associated structures, small forward pumping stationsin Cells 1, 2 and 3, and
a Periphyton-Based Stormwater Treatment Area (PSTA) Demonstration Project in Cell 2B
(Burns & McDonnell, 2004). These enhancements are scheduled for completion in 2006.

1.3 EAA RESERVOIR A-1 PROJECT

131 General

In October 2003, the SFWMD decided to pursue a“Dua Track” for the EAA Reservoir Project.
While the multi-agency Project Delivery Team, led by the USACE, continues to develop the PIR
for the whole of Compartment A, EAA Reservoirs A-1 and A-2 combined, the SFWMD is
proceeding with the design and construction of EAA Reservoir A-1 on the land purchased and
transferred in a property agreement called the Talisman Exchange.

The EAA Reservoir A-1 Project is an integral element of CERP. Section 601(b)(2)(C)(ii) of
WRDA 2000 provides specific authority for implementing the EAA Storage Reservoirs, Phase 1
project. The EAA Reservoir A-1 Project is a sub-component of the Phase 1 project.

The EAA Reservoir A-1 Project is located in western Pam Beach County, generaly in
Township 46 and Range 37. It is situated in the EAA directly north of STA-3/4, between the
NNRC and Miami Canals, and west of U.S. 27. It aso adjoins the Holey Land WMA to the
southwest.

In accordance with CERP guidelines to capture, store and redistribute fresh water, the EAA
Reservoir A-1 facilities will be designed to improve the timing of environmental water supply
deliveries to STA-3/4 and the WCAS, reduce Lake Okeechobee regulatory releases to the
estuaries, meet supplemental agricultural demands, and increase flood protection within the
EAA.

1.3.2 Project Purposes, Goals, Objectives, and Benefits

The purpose of the Phase 1 project, as defined in the EAA Storage Reservoirs Phase 1 Project
Management Plan, isto improve timing of environmental deliveriesto the WCAs by:

Reducing damaging flood releases from the EAA to the WCA
Reducing Lake Okeechobee regulatory releases to estuaries

Meeting supplemental agricultural deliveries, and increasing flood protection within
the EAA

The PIR will provide the most current definition of the purpose and benefits of the EAA Storage
Reservoirs Project. Implementation of the EAA Reservoir A-1 Project will meet objectives
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consistent with the ongoing work by the USACE. In accordance with the USACE's PIR, the
objectives of the Compartment A Reservoir include:

Reduction of the Lake Okeechobee regulatory releases to the estuaries and backpumping
from the Study Area (defined as that portion of the EAA that most influences its reservoir
site) into Lake Okeechobee by sending the water to the EAA Reservoir A-1

Improved environmental releases through the storage of water and release to the
Everglades during the dry season

Flow equalization and optimization of treatment performance of STAs by capturing peak
storm event discharges within reservoirs for slow release to the STAs

Improved regiona water supply for the agricultural community currently served by the
EAA canals and other areas served by Lake Okeechobee

The EAA Reservoir A-1 Project covers approximately 17,000 acres and is designed to store
stormwater originating within the S-2/7, S-3/8, S-236 and C-139 basins and releases from Lake
Okeechobeg, all located generally north of the EAA Reservoir A-1 Project site. A schematic of
the EAA Reservoir A-1 and its relationship to the other EAA infrastructure is shown in
Figure 1.3-1.

The EAA Reservoir A-1 is one of severa reservoirs that are essential in fulfilling CERP' s need
to “ capture, store and redistribute” fresh water. Further, it will improve the “quantity and timing”
of delivery of fresh water to meet environmental and agricultural deliveries. Because of its
critical place in the overall plan, the EAA Reservoir A-1's implementation was prioritized under
the State of Florida's Acceler8 program. Projects in the Acceler8 program are implemented
under an accelerated schedule with funding provided by the State of Florida. With the goal of
providing maximum benefits for initia investment, the Acceler8 program will provide for
construction of the EAA Reservoir A-1, with construction of EAA Reservoir A-2 to follow at a
future date.
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Figure1.3-1 EAA Reservoir A-1and Surrounding Infrastructure
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1.3.3 Key Features

The key features of the EAA Reservoir A-1 Project include the following:

Approximately 190,000 acre-feet of storage with a perimeter embankment and seepage

cand

Northeast pump station that pumps from NNRC (3,600 cfs)
Connector canal from the NNRC to a new northeast pump station

Seepage pump stations

BLACK & VEATCH
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Gated discharge structures
New four lane bridge on U.S. 27 across the new connector canal

The EAA Reservoir A-1 is intended to store water from the S-2, S-6, and S-7 Basins, collected
from the NNRC, and release it to STA-3/4 for treatment before release to WCA-3A.

1.34 Plans for Further Development

The EAA Reservoir A-1 Project is the first phase of an ultimate EAA Reservoir Storage System
that could store approximately 360,000 acre-feet of water over 30,000 acres of SFWMD-owned
land between the NNRC and the Miami Canal. The USACE PIR process is currently evaluating
Compartment A, which includes EAA Reservoir A-1 and EAA Reservoir A-2. Currently, only
EAA Reservoir A-1 is part of the Acceler8 program. It is anticipated that the construction of
EAA Reservoir A-2 will follow in afew years.

In addition, there are several other projects within the Acceler8 program which are all due to be
completed by 2011, 11 years ahead of the CERP schedule. They are:

C-44 (St. Lucie Canal) Reservoir/STA

C-43 (Caloosahatchee River) West Reservoir

Bolles and Cross Canals Improvements

EAA STA Expansion

Water Preserve Areas - Includes Sites 1, C-9, C-11, Acme Basin B, WCA-3A/3B
Picayune Strand (Southern Golden Gate Estates) Restoration

Biscayne Bay Coastal Wetlands - Phase 1

C-111 Spreader Cand

These Acceler8 projects are designed to contribute as much of the benefits from CERP as
quickly as possible. The changing dynamics of the system are modeled by the South Florida
Water Management Model (SFWMM) Everglades Construction Project (ECP) 2010 and ECP
2015 simulations (version 5.4.2). Thisis the same model (including version number) as the ECP
2010 and 2015 runs for the Regional Feasibility Study. The outputs of those simulations have
been the foundation of this Basis of Design Report (BODR).

The remainder of the CERP projects will follow as time and resources allow.
14 BASIS OF DESIGN REPORT

1.4.1 Purpose and Scope

As part of the BODR, Black & Veatch Corporation (Black & Veatch) evaluated alternative
embankment and pumping scenarios for storing 190,000 acre-feet of water on an approximately
16,000 acre tract of land adjacent to the NNRC in the EAA region.

This BODR includes conceptual engineering at a level of detail sufficient to provide specific
direction for subsequent preliminary engineering design, final design, and construction phases of
the Project. The delivery schedule for the BODR is prior to the completion of the geotechnical
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and survey phases of the work. This data will be submitted in accordance with schedules for
those respective Work Orders.

1.4.2 Authorization

This BODR was authorized under a series of Work Orders issued under Contract CN040932
between SFWMD and Black & Veatch executed July 9, 2004. The Work Orders and their
authorization dates are as follows;

Work Order NO. 1 Project INItIation. ........c.ooeeiierieneenenesee e e July 30, 2004

Work Order No. 2 Temporary Test (Embankment) Cells— Planning, Design,
Construction Observation, Monitoring and Analysis......... November 2, 2004

Work Order No. 3 Wave Run-Up Model ..........ccoeevviieiieeccceeeeeee e December 3, 2004
Work Order No. 4 Water Balance Modeling .......ccccoeevveeieneinenieneeneeie e December 3, 2004
Work Order No. 5 Hydrology and HydrauliCs..........cccveeveeeveein e April 5, 2005
Work Order No. 6 Project Controls and Management...........ccocceveeverieneenenieeseeenne April 6, 2005
Work Order No. 7 Embankment BODR ...........ccoeiiiieieeie e April 14, 2005
WOrk Order NO. 8  SUINVEYING .....coveeiiriisie ettt May 25, 2005
Work Order No. 9  GeotechniCal SErVICES........covvevieeeciese e May 12, 2005
Work Order No. 10 Pump Station BODR..........cooiiiiiierieee e June 2, 2005

The work authorized by Work Order No. 7, Embankment BODR, and work authorized by Work
Order No. 10, Pump Station BODR, are combined herein to provide asingle BODR for the EAA
Reservoir A-1.

1.4.3 Technical Memoranda Issued

Work on this EAA Reservoir A-1 Project has proceeded on a fast track with many engineering
analyses performed in parallel rather than in series. Assumptions were made so that tasks could
be initiated without waiting for prerequisite engineering analyses to be completed. As
prerequisite tasks were completed, initial assumptions were revisited and either validated or
revised. Analyses were documented in numerous Technical Memoranda as listed below. These
Technical Memoranda are contained in the Appendices of the BODR.

Work Order No. 2

EmbDankment ..o e Appendix 8-1
SEEPAJE CONLIOL ..o e Appendix 8-6
Test Cell Construction and Seepage Monitoring Report .........c.cccceeeeenee. Appendix 8-9
Reservoir Seepage ANAlYSIS.......cooiiiiieiieeseesee e e Appendix 8-10
Reservoir Configuration ..........coceevereerenneeeeseesee e Appendix 8-11
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Work Order No. 3

Model Selection and Design Conditions for Wave Run-Up Modél ..... Appendix 5-13

LIteralure REVIEW .....ccocueeiieeieeeecte et Appendix 5-14

WINA ANAIYSIS ot seeneenaennens Appendix 5-15

Evaluation of Wave Run-Up and Internal Breakwaters ....................... Appendix 5-16
Work Order No. 4

Water Balance Model DoCUMENtatioN............cceeeveereereeseesiesseeseeseeeeens Appendix 6-8

Water Balance Model Data ASSESSMENT .......ccevveieveerieeiieseesie e Appendix 6-10

Work Order No. 5
Data Gathering Review and Existing Conditions Report Memorandum.. Appendix 2-1

Water Quality Model SEleCtion ........cccooovieeiiniiiiereeeee e Appendix 3-1
Water Quality MOGEl ..o Appendix 3-2
Water Quality Model DOCUmMENLaLioN .........ccocveveeveereniienieseeee e Appendix 3-3
Interim Evaluation of PMP/PMF and Hydrologic Model Summary ...... Appendix 5-1
Evaluation of PMP/PMF and DAMBRK SUMMAY ......cccccoeveeieveeniennnnns Appendix 5-2
PMP/PMF Model DOCUMENtation .........cccccueveerieseesieeieseesieeeeseesieennns Appendix 5-3
Wave Run-Up Model Documentation ...........ccccceeeeveereeieeseesieesensenenns Appendix 5-18
Preliminary Data and Initial Hydraulic Model Summary ...........ccccue..e.. Appendix 6-1
Hydraulic Model SUMMAETY .......ccoveieiieieceseee e Appendix 6-2
Hydraulic Model DOCUMENtation ...........ccoceveenerieeneeniesee e Appendix 6-3
Water Balance Model Revised Alternatives Evaluation..............ccccue....... Appendix 6-7
Water Balance Model Inputs and OULPULS ..........coeevereeneeneninseesienenns Appendix 6-9
Seepage Model Results Memorandum ..........ccceveeeieenenieneesee e Appendix 9-1
Groundwater MOGE .........cooeiiiiieee e Appendix 9-2
Groundwater Model DOCUMENLELION .......c.oeeereerierie e Appendix 9-5
Work Order No. 7
Pumping and Discharge FaCilities ... Appendix 6-5
EmbBankment 11 ..o Appendix 8-5
Seepage CoNLrOl 1 ..o e Appendix 8-8
Reservoir Configuration 1 .........cceooeieneniineseee e Appendix 8-12
Canal AITEINALIVES .......coieeeeiie e e Appendix 10-1
Secondary Benefits Additional Features ...........coccveevenieneenieneenieennne Appendix 19-1
Work Order No. 10
GALES ...ttt e e be e e e ne e ear e e ne e Appendix 13-1
PUMIPS . neas Appendix 13-2
Design REfINEMENTS........coiiiiieeieee e e Appendix 13-3
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2. EXISTING SITE CONDITIONS

The planned EAA Reservoir A-1 Project is located about 16 miles south of Lake Okeechobeein
western Palm Beach County, Florida. It is in the Everglades physiographic area, an area of low
relief with the natural ground surface of the EAA Reservoir A-1 Project site lying generaly
between elevations 8 and 11 feet NAVDS8.

The EAA Reservoir A-1 site is an agricultural area primarily used for growing sugarcane. The
area is drained by a system of canals constructed during the second half of the last century as
the Central and Southern Flood Control Project. Pumping and flooding of these canals is used
by the local sugar producers to regulate the groundwater level during planting and harvesting of
the primary crop (sugarcane). It has a subtropical climate with about 55 inches of rain per year.

2.1 CLIMATE

The climate of southeast Floridais characterized as subtropical. The average annual temperature
in Palm Beach County, Florida is approximately 73 degrees Fahrenheit. According to the
Southeast Regional Climate Center (one of six regional climate centers in the United States
directed by the National Oceanic and Atmospheric Administration [NOAA]), the average
maximum daily temperature for the Belle Glade Experimental Station (No. 080611) was
83.5 degrees Fahrenheit for the period of record May 1, 1924 through February 29, 2004. The
average minimum temperature for the same period of record was 61.7 degrees Fahrenheit.
Average total precipitation at the Belle Glade Experimental Station for this period of record was
55.32 inches. The Belle Glade Experimental Station is approximately 10 miles north of the
EAA Reservoir A-1 Project site.

Approximately 75 percent of the annual precipitation occurs during the wet season months of
June through October. During this season, scattered and isolated convective thunderstorms
occur frequently over land. Tropical storms and hurricanes also occur during the wet season and
can provide significant rainfall and extreme winds in a short period of time. Rainfall from
November through May (the dry season) is usually the result of large frontal systems from the
north and are broadly distributed rather than localized. According to the Southeast Regional
Climate Center, the wettest average month for the period of record is June (8.52 inches), while
the driest average month for the period of record is December (1.71 inches).

2.2 CURRENT LAND USE

The EAA was designated by the United States Congress in 1948. It is bounded by Lake
Okeechobee on the north and the Everglades National Park on the south. The EAA was created
as a result of draining the northern Everglades for agricultural use. It encompasses about
27 percent of the historic Everglades and consists of an area of approximately 700,000 acres of
farmland. The mgjor crop in the EAA is sugarcane, but winter vegetables are al'so grown.

Land use within the approximate 16,000 acre EAA Reservoir A-1 Project was reviewed using
the SFWMD Florida Land Use, Cover and Forms Classification System (FLUCCS) as a
Geographical Information System (GIS) data layer. Nearly the entire EAA Reservoir A-1
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Project site, as well as adjoining lands to the north, northwest, and east, is designated for
sugarcane production (FLUCCS 2156). A small rectangular-shaped parcel in the northern
portion of the EAA Reservoir A-1 Project site is designated industrial land use (FLUCCS
1500), and was occupied by the Talisman Sugar Corporation processing facility. The
Environmental Site Assessments of this land are described in Section 2.7.3 of this report. The
Holey Land tract is southwest of the EAA Reservoir A-1 Project site and is designated as
freshwater marshes with sawgrass. The southern adjoining property is occupied by STA-3/4.

2.3 GEOLOGY AND SOILS

2.3.1 Regional

The EAA Reservoir A-1 Project is located south of Lake Okeechobee within the Everglades
physiographic subdivision of the Southern Zone (White, 1970). The Everglades is generally a
flat, geologic depression between the Immokalee Rise and Big Cypress Spur physiographic
subdivisions on the west, and the Atlantic Coastal Ridge physiographic subdivision on the east.
The Everglades extends southward from Lake Okeechobee to Florida Bay with elevations near
sea level. With the exception of the EAA, the Everglades landscape consists primarily of
sawgrass marsh with hammocks of willow, myrtle and bay trees.

The United States Department of Agriculture, Natural Resources Conservation Service (NRCS
and formerly known as the Soil Conservation Service) published a soil survey for the Pam
Beach County area in the mid 1970s (McCollum et al., 1978). Seven primary soil types were
identified in the EAA region as Torry muck, Terra Ceia muck, Pahokee muck, Lauderhill muck,
Dania muck, Okeelanta muck, and Okeechobee muck. The soils at EAA Reservoir A-1 include
the Pahokee muck (primarily in the southern portion of the site) and Lauderhill muck (primarily
in the northern portion of the site). Based on borings at the EAA Reservoir A-1 Project site, the
muck ranges in thickness from less than 1 foot to approximately 5 feet.

According to the NRCS, the soils located beneath the former Talisman Sugar Corporation
processing facility are classified as Urban land. Urban land soils are those which have been
disturbed due to development.

The generalized regional geologic/hydrogeologic conditions for Palm Beach County are
provided in Figure 2.3-1. It should be recognized that this representation is not al inclusive
since the geology in southeast Florida is very complex, particularly the geology of the Pliocene-
Pleistocene to Holocene Epochs. However, the primary geologic and hydrogeologic units that
are formally recognized in Palm Beach County are represented.

In general, the surface and near surface geology of the region is complex and ranges from
unconsolidated, variably calcareous and fossiliferous quartz sands to well indurated, sandy,
fossiliferous fresh and marine limestones (Scott, 2001). These sediments are Pleistocene to
recent in age, and blanket most of Palm Beach County except for the Atlantic Coastal Ridge
sediments on the east coast. The regional geologic units are generally referred to, in descending
order, as the Lake Flirt Marl, Fort Thompson Formation, and Caloosahatchee Formation. The
total thickness of these units can range from 50 to nearly 200 feet in the region.

The Pliocene-age Tamiami Formation underlies the Caloosahatchee Formation. The Tamiami
Formation contains a wide range of mixed carbonate-siliciclastic lithologies and associated
faunas (Missimer, 1992). The Tamiami Formation in the area is approximately 100 feet thick.
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The upper portion of the Tamiami Formation and overlying geologic units comprise the
surficial aquifer system in Palm Beach County.

The Miocene-age Hawthorn Group underlies the Tamiami Formation. The Hawthorn Group
consists of an interbedded sequence of widely varying lithologies and components that includes
limestone, dolomite, dolosilt, shell, quartz sand, clay, phosphate grains and mixtures of these
materials (Reese and Memberg, 2000). The characteristics that distinguish the Hawthorn Group
from underlying units are its high and variable siliciclastic and phosphatic content; its color,
which can be green, olive-gray, or light gray; and its gamma-ray log response. According to
Scott (1988), the Hawthorn Group is approximately 700 feet thick in the region. The Hawthorn
Group sediments retard the exchange of groundwater between the overlying surficial aquifer
system and the underlying Eocene-age carbonates of the Floridan aquifer system, and is
hydrogeologically referred to as the intermediate confining unit.

The Eocene-age carbonates underlying the Hawthorn Group include, in descending order, the
Ocala Limestone, Avon Park Formation, and Oldsmar Formation. The overlying Oligocene-age
Suwannee Limestone is thin to discontinuous in the EAA region, and likely not present in the
east haf of Pam Beach County (Miller, 1986). The cumulative thickness of the Eocene-age
carbonates in the region is approximately 2,500 feet (Miller, 1986).

Figure 2.3-1 Generalized Regional Geology and Hydr ogeology
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From Hydrogeology and the Distribution of Salinity and the Floridan Aquifer System, Palm Beach County, Florida WRIR 99-4061 2000, USG
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23.2 Site

The EAA Reservoir A-1 Project site has been investigated in a progressive sequence of borings
spaced throughout the site area. One hundred forty-five borings were completed for the South
Florida Water Management District around the reservoir perimeter in 2003 and early 2004.
Twenty borings to a depth from 50 to 100 feet below ground surface (bgs) were completed at
the EAA Reservoir A-1 Project Test Cell site for the Test Cell Project design in December
2004, and an additiona eight borings were completed during the Test Cell construction in early
2005.

The borings generally penetrated through about 1/2 to 2 feet of surficial peat/muck and marl,
then through 22 to 26 feet of primarily carbonate sand and limestone, and then into primarily
shelly quartz sand with sparse limestone to their completed depths. The marl beneath the peat
and muck is known by some authors as the Lake Flirt Marl (Reese and Cunningham, 2000;
Harvey et. a., 2002), but is undifferentiated from the peat and muck layer for this report. The
upper carbonate sand and limestone constitutes the Fort Thompson Formation at the site. Below
this, the shelly sand and sparse limestone constitutes the Caloosahatchee Formation and
possibly part of the Tamiami Formation.

The top of the Fort Thompson Formation consists of a limestone layer about 4.5 to 5 feet thick,
which is localy caled caprock. The caprock is generally white, light gray, tan or yellowish
brown with variable amounts of weathering; it is occasionally fractured and contains voids and
inconsistencies. The caprock is underlain by a silty carbonate sand extending to about 23.5 to
24.5 feet deep, where another hard limestone layer 1.5 to 3 feet thick is encountered. A thinner,
hard limestone layer about 1/2 to 1 foot thick is often encountered at around 16 to 17 feet deep.
The sand and lower limestone layers are generally white to very pale brown. Laboratory testing
of the sand sampled in the borings averaged 84.2 percent calcium carbonate content with an
average of 22 percent passing the #200 sieve in gradation tests. Visual inspection of the sand
samples from the borings reveals that they include shell fragments, and tend to be angular and

platy.

All the Fort Thompson Formation limestone layers exposed in core or in excavations at the
EAA Reservoir A-1 Project site are very fossiliferous. The sand exposed in the seepage
collection canals and dewatering sumps was abundantly fossiliferous with gastropods,
pelecypods, corals, and echinoderms.

The top of the Caloosahatchee Formation is composed of fine grained, subrounded, shelly
guartz sand that is mixed with shelly carbonate sand similar to that in the Fort Thompson
Formation. The Caloosahatchee Formation at the site is 30 to 60 feet thick; however, the
interface between this formation and the underlying Tamiami Formation is difficult to define.
The proportions of carbonate to quartz sand vary. Laboratory testing on the sampled sand
indicated an average calcium carbonate content of 30.1 percent, and an average 12.1 percent of
material passing the #200 sieve. The primary color of the geologic material in the
Caloosahatchee Formation is light greenish gray.

Other geologic information may indicate that the Cal oosahatchee Formation is not present at the
EAA Reservoir A-1 Project site. For instance, recent geological work (Reese and Cunningham,
2000) has redefined the stratigraphy of the area. Presently, the Tamiami Formation has severa
recognized named and unnamed geologic members including the Ochopee Limestone Member
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and the Pinecrest Sand Member. Both Tamiami Formation members contain sandy strata, but
the Pinecrest Sand Member is principally shelly, fine grained, quartz sand. The sands in the
Caloosahatchee and Tamiami Formations are generaly differentiated based on the fossil
assemblages observed in outcrops, but key indicator fossils are typically not recovered in
borings (Scott, 2005). Therefore, interpretation of the contact between the Caloosahatchee
Formation and Tamiami Formation at the EAA Reservoir A-1 Project site is not possible.

2.4  SEISMICITY

The Uniform Building Code Seismic Zone Map (USACE 1995), shows that the entire state of
Florida is in seismic Zone 0. No capable faults or recent earthquake epicenters are known to
exist near the project site.

SFWMD's requirements for seismic evaluation of CERP high hazard potential dam projects,
such as EAA Reservoir A-1, are described in DCM-6. Although Southern Florida is a low
seismicity region, the possibility exists for earthquake imposed seismic loads on project
structures. The potential earthquake loading islow enough that compacted embankments should
not be damaged, but the natural sand foundations of the embankments could potentially be
affected.

Loose, saturated sandy soils are susceptible to liquefaction (loss of strength from shaking). This
loss of strength could lead to sliding or settlement, possibly resulting in embankment failure.
DCM-6 presents the design criteria developed jointly by the SFWMD and the U.S. Army Corps
of Engineer’s (USACE) for evaluating liquefaction potential of CERP impoundments.

2.5 SURFACE WATER HYDROLOGY

Lake Okeechobee provides water south to the EAA through three structures, S-351, S-354, and
S-352. Structure S-354 supplies the Miami Canal which flows south past the Bolles Canal,
down to the G-372 pump station, and then continues south to structure S-8 and on into the
Everglades Protection Area. The G-372 pump station pumps water into the STA-3/4 Supply
Canal which currently feeds the Holey Land WMA and STA-3/4. S-351 supplies the NNRC and
the Hillsboro Canal. The NNRC flows south past the Bolles and Cross Canals to G-370 pump
station, continues on south to structure S-7 and on into the Everglades Protection Area. The
NNRC will be used to supply the proposed northeast pump station located at the northeast end
of the EAA Reservoir A-1. G-370 pump station may also be reconfigured to pump into the EAA
Reservoir A-1. Currently it feeds the east end of the STA-3/4 Supply Canal. The Hillsboro
Cana also is supplied from structure S-351 where the discharge flows south past the Ocean
Canal, then past the Cross Canal. The Hillsboro Canal continues south to structure S-6 and then
into the Everglades Protection Area. Structure S-352 discharges into the West Palm Beach
Canal. The West Palm Beach Canal flows south past the Ocean Canal and into structure S-5A, it
then continues east into the C-51 Canal.

The Bolles and Cross Canals flow east-west in direction and water movement can be in either
direction. However, the most common flow pattern is the Bolles Canal flowing east, and the
Cross Canal flowing west, both discharging at a common location into the NNRC. There are
numerous secondary agriculture canals that connect to the major canas along with seepage
ditches common outside the levees. The secondary agriculture canals are responsible for north-
south water movement.

BLACK & VEATCH 2-6 EXISTING SITE CONDITIONS



EAA Reservoir A-1 Basisof Design Report January, 2006

The NNRC is the source for the G-370 pump station and will be the source for the proposed
northeast pump station. Its major sources of water are from Lake Okeechobee, Bolles Canal,
Cross Canal, and local farm permitted pump discharges. The local farm pump discharge
locations south of Bolles and Cross Canals, and north of the G-370 pump station have been
consolidated to nine locations for computer modeling as lateral inflow points into the NNRC.
South of Bolles and Cross Canals and north of the proposed northeast pump station are seven
locations. For arunoff event of 3/4 inches these pumps are assumed to discharge atotal of 1,016
cfs. The remaining two farm pump locations are between the proposed northeast pump station
and the G-370 pump station. For a runoff event of 3/4 inches these two pumps are assumed to
discharge atotal of 745 cfs.

Modeling of the surface water has been conducted by the Office of Modeling using the 2x2
model of the EAA (ECP 2010 and 2015). Thisisdescribed in Section 6.2.

The construction of the EAA reservoir will require that the embankment be designed to
withstand wind and precipitation design conditions. Four wind and precipitation design
conditions were identified in draft form in DCM-2 (Haapaa Et Al., 2005a). The conditions
were 1) 100 year wind with probable maximum precipitation, 2) category five hurricane with
100-year storm, 3) probable maximum wind (200 mph), and 4) a storm specific wind and
precipitation (Hurricane Easy). These conditions are described in Section 5.3.

2.6 GROUNDWATER HYDROLOGY

Since the intermediate confining unit is located approximately 200 to 250 feet bgs and will
restrict any seepage from EAA Reservoir A-1 that might reach this depth, only the surficial
aquifer system lying above the confining unit is of concern for this project. With the high
degree of communication between groundwater and surface water in the area, the groundwater
gradient in the surficial aquifer system is controlled to a large extent by the operation of the
hundreds of canals throughout the region. Therefore, even though the general regional gradient
in the surficial aguifer system is believed to be southward, localized gradients may actually be
in other directions in portions of the area surrounding the EAA Reservoir A-1 site due to the
operation of canals and wells in the region. Future seepage from the EAA Reservoir A-1, the
operation of the seepage canal, and modifications to the operation of the NNRC will also
change these groundwater gradients in the surficial aquifer system near the EAA Reservoir A-1.

To interpret the groundwater pressure profile in the surficial aquifer system when seepage
occurs, a series of more than 70 piezometers were installed for the Test Cell Project. The
piezometers were constructed in nested sets and screened at various depths. The pressure
readings from the piezometers were used to determine both the horizontal and vertical hydraulic
conductivity (Kn and K., respectively) for each of the geologic units comprising the surficia
aquifer system using both three-dimensional and two-dimensional groundwater models. Based
on previous studies and geologic data collected from site specific borings, five separate units
were identified for evaluation of hydraulic conductivity. The five layers (in descending order)
are. (1) muck/peat and marl, (2) caprock, (3) the Fort Thompson Formation, (4) the
Caloosahatchee Formation, and (5) the Tamiami Formation. The K}, and K,, values (derived by
calibrating each of the groundwater models to the measurements taken during the Test Cell
Project) are shown in Table 2.6-1. The dight differences between the calibrated K, and K,
values are because of inherent differences between the two models. When applied to the Test
Cell Project, the two sets of K}, and K, values produce very comparable results. In addition, the
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USACE has prepared a three-dimensional groundwater model of the EAA Compartment A area.
Throughout the groundwater modeling effort, there was significant coordination with the
USACE, which will continue to occur through the design process.

Table 2.6-1 Hydraulic Conductivity Values Determined by Test Cell MODFLOW M odel

Layer Kh Kv
(feet/day) (feet/day)
Muck/peat and marl* 100 100
Caprock 500 1.1
Fort Thompson Formation 400 10
Caloosahatchee Formation 400 8
Tamiami Formation * 36 18

1 Muck was removed from Test Cells, so calibration of the K values for the muck was not possible. The

listed values were determined by the United States Army Corps of Engineers (USACE) through
laboratory/field testing of the muck which were Ky, = 40 feet/day and K, = 9 feet/day (USACE, 2005).
These values were increased as shown to account for the significant area where muck does not exist
(Seepage Evauation, Groundwater Model Memorandum, Black & Veatch, July 11, 2005).

The Test Cell piezometers did not penetrate the deeper portions of the surficial aquifer system, so
calibration to the published K values for the Tamiami Formation was not possible. The above
conductivities reflect the USACE' s values determined from laboratory/field testing.

2.7 ENVIRONMENTAL CONDITIONS

Under CERP, an area of land called Parcel A in the center of the EAA south boundary was
designated as the site for a storage reservoir. Parcel A consists of about 30,000 acres including
approximately 583 acres of open water, 97 acres of shrub and brushland, 206 acres of wetlands,
and the remaining acres in agricultural use. Under the Acceler8 program, Parcel A was divided
into two portions: A-1 and A-2. EAA Reservoir A-1 is approximately the Eastern half of
Parcel A over an area of close to 17,000 acres. Historicaly, the project area was predominantly
sawgrass marsh but in the mid-1900s it was drained for agricultural production.

The discussion of environmental conditions focuses on two specific issues: (1) vegetation and
wetlands and (2) endangered species. A summary of the information follows and more detailed
information is contained in Appendix 2-1. Environmental Site Assessments are described in
Section 2.7.3.

2.7.1 Vegetation and Wetlands

2.7.1.1 Existing Conditions

The EAA Reservoir A-1 Project area is covered by two soils that are generally organic
sediments, Pahokee muck (Depressional), and Lauderhill muck (Depressional). In turn, these
soils are underlain by soft, porous limestone bedrock. A desktop survey of the area was
conducted by the U.S. Fish and Wildlife Service (USFWYS) that identified 81 potential wetland
areas. Aeria surveys were used by an interagency team of biologists from the United States
Fish and Wildlife Service (USFWS), USACE, SFWMD, United States Environmental
Protection Agency (EPA), Florida Fish & Wildlife Conservation Commission (FWC), and
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Florida Department of Environmental Protection (FDEP) for verification of the potential
wetland areas. Of the 81 potential wetlands, five wetlands were verified, totaling 205.88 acres.
The habitat quality of the five verified wetlands was determined as one Category 1 wetland
(13.07 acres), one Category 3 wetland (1.73 acres), one Category 5 wetland (3.45 acres), and
two Category 6 wetlands (187.63 acres).

USFWS (Slack, 2005) issued a Planning Aid Letter (PAL) to USACE on March 11, 2005, in
which they provided guidance and recommendations on resource conservation issues for the
EAA Reservoir Storage Project. USFWS recommended including a habitat buffer on the north
and west sides, and littoral shelves along the seepage canals and on the internal sides of the
embankment. USFWS recognized that littoral shelves on the interior sides of the EAA
Reservoir A-1 may be cost-prohibitive. These recommendations are addressed in the discussion
on the EAA Reservoir A-1 configuration in Section 12.

2.7.1.2 Potential Impacts

Due to the presence of extensive sugarcane farming and limited acreage of natural habitats on
the EAA Reservoir A-1 Project site, adverse effects to native vegetation are limited to wetland
areas. As a result of the proposed EAA Reservoir A-1 Project, approximately 206 acres of
emergent and scrub-shrub wetland will be converted to open water aquatic habitat. All impacts
to upland areas are to lands in active agricultural use.

The existing wetlands (205.88 acres) within the EAA Reservoir A-1 Project are considered to
be disturbed wetlands due to the sugarcane farming practices that comprise the mgjority of the
surrounding area. Most of the wetlands are dominated by nuisance and/or exotic vegetation as
identified by the Florida Exotic Pest Plant Council on the List of Invasive Species and appear to
be isolated and surrounded by sugarcane farming. Although the habitat is predominately exotic,
the wetlands still provide habitat and foraging for medium and small sized animals. The
wetlands also provide water storage and promote water quality.

The proposed EAA Reservoir A-1 will replace the wetland habitat with an aquatic habitat that
will be approximately 16,000 acresin size. The areais projected to re-vegetate through natural
recruitment with aquatic plants and wetland plants particularly around the edge of the water.
The aquatic habitat will provide habitat and foraging for medium and small sized mammals,
reptiles, amphibians, birds, fish and invertebrates. The increase in open water will specifically
provide an optima location for migratory birds for habitat and foraging, and increased
utilization by fish and other aquatic species. The water storage function will increase due to the
large capacity of the EAA Reservoir A-1. There will be deep water refugia that will be
approximately five percent of the total acreage. The EAA Reservoir A-1 will also provide a
filter to “polish” water, improving water quality.

Littoral benches along seepage canals (approximately 48 acres) will also be constructed around
the exterior of the embankment. There may be intermittent littoral shelves within the canals,
depending on the characteristics of the cap rock at specific locations. These littoral shelves will
depend on natural vegetative recruitment from surrounding seed sources. The littoral shelves
will also provide habitat and foraging for a variety of species, as well as water storage and
increased water quality.

Using Chapter 62.345, Florida Administrative Code (F.A.C.), the Uniform Mitigation
Assessment Method (UMAM) adopted by the State of Florida and accepted for use by the

BLACK & VEATCH 2-9 EXISTING SITE CONDITIONS



EAA Reservoir A-1 Basisof Design Report January, 2006

USACE, has determined that the construction of the proposed EAA Reservoir A-1 will more
than adequately off-set the impact to the wetlands on-site and address any mitigation
requirements many times over (33 Functional Loss Units: 10,560 Relative Functional Gain
Units).

The relative functional gain is much higher than the functional loss due to the relative size
between the existing wetlands and the proposed EAA Reservoir A-1, and the low quality habitat
of the existing wetlands. The mitigation required to offset proposed impacts is 0.0031 acres.

In summary, the proposed 16,000 acre EAA Reservoir A-1 will provide greater wetland
functions than the current conditions on-site, and will act as more than enough mitigation for the
flooding impacts to the 205.88 acres of existing wetlands. The seepage canals may also provide
some net wetland benefit; the amount is dependent on the acres of littoral shelf that can be
created, if practicable.

2.7.2 Fish and Wildlife

Prior to the agricultural aterationsto this area, wildlife was similar to that found on the adjacent
Holey Land WMA. Wildlife species typically seen at the Holey Land WMA include white-
tailed deer, common snipe, marsh rabbit, blue-winged teal, mottled ducks, and other waterfowl.

2.7.2.1 Existing Conditions

The proposed EAA Reservoir A-1 Project area is dominated by sugarcane production
interspersed with isolated emergent wetlands and drainage canals dissecting the property. The
USFWS stated that native habitats for fish and wildlife are not a significant component of the
area due to alterations for agriculture that have removed most native vegetation. The quality of
habitat provided by the existing canal and wetlands is low. However, these wetland habitats do
provide foraging habitat for birds, and the canas provide habitat for fish, reptiles, and
invertebrates.

The Florida Natura Areas Inventory (FNAI) was consulted to identify the elemental
occurrences of protected species within the EAA Reservoir A-1 Project area, and none was
found. Potential habitat for the wood stork and Florida panther was identified southwest of the
EAA Reservoir A-1 Project area that is in the Holey Land WMA. The FWC Potential Habitat
Model was used by the USFWS to identify and calculate potential habitat areas for those
wildlife species that may occur in the EAA Reservoir A-1 Project area. Out of 33 possible
species, potential habitat was identified for 14. One of these is federaly endangered (wood
stork) and two are federally threatened (American alligator and eastern indigo snake).

2.7.2.2 Potential Impacts

Due to the limited natural habitat within the EAA Reservoir A-1 Project area, long-term adverse
impacts to fish and wildlife, including state and federal protected species, are not anticipated.
Waterfowl, fish, and reptiles may experience temporary impacts due to the elimination of
existing agricultural ditches and isolated wetlands. Impacts to all wildlife species can be
minimized by gradually flooding the area, thereby allowing the terrestrial wildlife to vacate the
area. However, following construction, new habitat will be created that will afford similar
foraging opportunities for these species. Potential habitat in the adjacent Holey Land WMA will
be impacted indirectly by the control of water levels and improved water quality at the WMA.
Additionally, temporary impacts from the noise from construction activities are anticipated.
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2.7.3 Environmental Site Assessments

Under the Talisman Exchange, the Talisman Sugar Corporation (Talisman) in conjunction with
The St. Joe Company (SJC), conveyed approximately 55,000 acres of land utilized for
sugarcane farming and milling to the United States Department of Interior (DOI), the SFWMD
and The Nature Conservancy (TNC). The farmland is located in Pam Beach and Hendry
Counties, and consists of the Talisman Farm (approximately 36,000 acres) and several smaller,
non-contiguous satellite farms.

The southern portion of the Talisman Farm will become EAA Reservoir A-1. The northern
portion of the Talisman Farm, along with the satellite farms, has been exchanged by the
SFWMD for land owned by other local sugarcane growers in order to secure a contiguous block
of land necessary for creation of the EAA Reservoir A-1 and to assist in restoring water quality
in the Everglades.

Prior to conveyance of the Talisman property, Dames and Moore (D&M), on behaf of the
SFWMD, performed Phase | and Phase Il Environmental Site Assessments on the Talisman
owned/leased properties. The Environmental Site Assessments were part of the due diligence
effort associated with the potential purchase of the property. The Phase | Environmental Site
Assessment was performed to identify potential point source areas of concern. A Phase Il
Environmental Site Assessment was later performed to determine the status of potential
constituents of concern (COC) at each of the areas of concern identified in Phase I. It was not
within the scope of work of the Phase Il Environmental Site Assessment to fully delineate any
potential impacts to soil and/or groundwater.

Based on the Phase | and Phase Il Environmental Site Assessments, D&M identified 11 areas at
which COC were detected in soil, groundwater, sediment, or surface water at concentrations
exceeding regulatory cleanup target levels or guidance concentrations. Transference of
ownership of each of the Exclusion Areas was deferred until a Site Rehabilitation Completion
Order (SRCO) for each Exclusion Areawas issued by the FDEP.

The list of Exclusion Areas included:

. Five pump stations

. Two pesticide mix load areas

. A former labor camp and cropduster landing strip

. A former borrow pit/agricultura landfill

. The former sugar processing mill

. The surface water management areas adjacent to the sugar mill

These areas were primarily impacted with organochlorine pesticides (e.g., DDT), petroleum
products, and arsenic.

Professiona Services, Inc. (PSI) performed assessment and remediation on al of the Exclusion
Areas on behalf of Talisman Sugar Corp. and the SJC. The cleanup objectives for each
Exclusion Area within the proposed EAA Reservoir A-1 area were based on the proposed end
land use for water storage areas. As such, cleanup target levels were chosen to be protective of
potential ecological receptors which are likely to inhabit the area once areservoir is constructed.
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Since the cleanup target levels for protection of wildlife for most of the chemicals found on the
Talisman property are more stringent than the cleanup standards for human health, a cleanup to
ecological standards is also inherently protective of agricultural workers during the interim
period prior to EAA Reservoir A-1 construction, and EAA Reservoir A-1 construction workers.

The FDEP has issued SRCOs for the maority of the Exclusion Areas. These parcels can be
conveyed immediately with no restrictions. On the remaining parcels, the remediation work has
been completed to the satisfaction of the FDEP and the FDEP has issued memoranda of
technical concurrence. However, a deed restriction is necessary in order to convey the property
to SFWMD.

The cleanup of the mill site involved assessment and remediation of a number of point source
discharge areas. Areas of concern at the mill site included numerous leaking petroleum storage
tanks, pesticide and/or arsenic impacted soils in the sediments of two drainage canals, an ash
pit, awater storage retention area, and metals-impacted soils adjacent to several building slabs.

In general, the petroleum impacted areas were handled through excavation and on-site treatment
of soils in ex-situ bioremediation piles. Once the treatment was verified by confirmation
sampling, the treated soils were returned to their respective excavations. PSI excavated, treated,
and backfilled approximately 16,000 cubic yards of petroleum impacted soil at the mill site.

PSI were instructed that the canals and surface depressions at the mill are to be filled as part of
the EAA Reservoir A-1 construction. Therefore, rather than excavating impacted sediments
from the drainage canals, PSI elected to cover these dlightly impacted soils with a 2-foot cover.
The cover is intended to prevent exposure of potential receptor species to these sediments.
Pesticide and arsenic impacted soil was also excavated from other areas of concern at the mill
site and consolidated in the ash pit. The ash pit was a low lying excavated area that accepted
effluent from the boilers. The ash in the pit was lightly impacted with heavy metals and
polynuclear aromatic hydrocarbons (PAHSs). Additional soils from other areas of concern were
also filled into the pit and the ash pit was covered with two feet of clean soil to prevent future
exposure.

These three areas within the mill site where contaminated soils have been left and capped will
also require restrictions on excavation activities. These parcels are identified as the South Rock
Canal, the Ash Pit, and the Waste Lake Discharge Ditch. An additional area of capped,
impacted soil is present approximately three miles west of the mill at the former borrow
pit/agricultural landfill. These areas contain pesticide, PAH and metal impacted soils which are
buried beneath a clean soil cover. The excavation restrictions are necessary to prevent
disturbance of these areas. These areas have been surveyed by a professional land surveyor and
the coordinates have been provided to SFWMD personnel to ensure that no disturbance of these
areas Occurs.

In summary, all of the physical assessment and remediation intended by SFWMD has been
completed on all of the Exclusion Area parcels and al of the technical documents relating to the
cleanup have been reviewed and accepted by FDEP. Remaining outstanding activities are to
record the appropriate deed restrictions on a few of the parcels. Once these activities are
completed, it is expected that the FDEP will issue SRCOs on the remaining parcels and all of
the parcels can be conveyed to SFWMD.
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The Talisman Exchange and the environmental remediation described in the preceding
paragraphs occurred before Black & Veatch's involvement with the project. Black & Veatch has
been instructed that the SFWMD has accepted the standard of protection offered by the
remediation. No further investigations into contamination are intended at this time. The BODR
does not address any of these risks, and Black & Veatch accepts no responsibility of existing
conditions as directed by the SFWMD.
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3. DESIGN REQUIREMENTS AND CRITERIA

3.1 PROJECT LIMITS AND SITE DATUM

The EAA Reservoir A-1 Project limits are bounded by U.S. 27 on the east, STA-3/4 on the
south, the Holey Land WMA on the southwest, and farmland in the EAA on the northwest and
north.

The horizontal datum for this report is North American Datum of 1983 (NADS83); and vertical
datum is North American Vertical Datum of 1988 (NAVD88). Some other studies and designs
use the National Geodetic Vertical Datum of 1929 (NGVD29) as a verticad datum. The
relationship between them isNAVD88 = NGVD29 — 1.4 feet.

3.2 FUNCTIONAL AND OPERATIONAL

3.2.1 Inflow to EAA Reservoir A-1

EAA Reservoir A-1 inflows simulated by the WBM consist of flows from the NNRC, Miami
Canal, seepage collection canals, and precipitation. A more detailed description of each inflow is
provided in Section 6.2.4.

Based on the results of the WBM, the average yearly inflow into the EAA Reservoir A-1 from
the NNRC over the POS is approximately 362,000 acre-feet, with a maximum value of 640,198
acre-feet in water year 1980 and a minimum value of 129,000 acre-feet in water year 1989.

Based on the results of the WBM, the average yearly inflow into the EAA Reservoir A-1 from
the Miami Cana over the POS is approximately 372,000 acre-feet, with a maximum value of
838,000 acre-feet in water year 1970 and a minimum value of 40,166 acre-feet in water year
1982.

3.2.2 Outflow from EAA Reservoir A-1

EAA Reservoir A-1 outflows simulated by the WBM consist of losses from evaporation,
seepage, environmental deliveries, agricultural deliveries, and excess volume outflows. A more
detailed description of each outflow is provided in Sections 6.2.5 and 6.2.6.

Releases from the EAA Reservoir A-1 include environmental deliveries via STA-3/4 and
agricultural deliveries for the NNRC/Hillsboro Canal basin. The ECP 2010 and ECP 2015
version 5.4.2 runs simulate the amount of flow required from the EAA Reservoir A-1 on a daily
basis to supply the environmental deliveries and the agricultural deliveries, respectively.

Based on the ECP 2015 run, the average annual environmental delivery supplied by the EAA
Reservoir A-1 via STA-3/4 is approximately 685,000 acre-feet, with a maximum of
1,487,000 acre-feet in water year 1983 and a minimum of 103,000 acre-feet in water year 1990.
The current average annua inflow into STA-3/4 is approximately 656,000 acre-feet (Piccone,
2005). Thetotal deliveries over the POS are approximately 24,000,000 acre-feet.

Based on the ECP 2010 run, the average annua agricultural delivery supplied by the EAA
Reservoir A-1 is 84,000 acre-feet, with a maximum of 160,000 acre-feet in water year 1985 and
a minimum of 19,000 acre-feet in water year 1970. The total deliveries over the POS are
approximately 3,000,000 acre-feet.
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The EAA Reservoir A-1 yield is defined as the sum of the environmental and agricultural
deliveries supplied by the EAA Reservoir A-1. The average annual yield of the EAA Reservoir
A-1 is approximately 769,000 acre-feet, with a maximum of 1,538,000 acre-feet in water year
1983 and a minimum of 207,000 acre-feet in water year 1971. The total yield over the POS is
approximately 26,900,000 acre-feet.

3.2.3 Water Quality

The EAA Reservoir A-1 will be designed to the CERP Level 2 requirement, which states that the
EAA Reservoir A-1 will not contribute to the degradation of water quality releases. Of primary
interest is the fate of phosphorus entering the EAA Reservoir A-1 from the NNRC and Miami
Canals. The Dynamic Model for Stormwater Treatment Areas (DMSTA) was selected to predict
amounts of phosphorus in the EAA Reservoir A-1, leaving the EAA Reservoir A-1, and
deposited in the bottom sediments.

DMSTA was developed by Dr. Bill Walker and Dr. Bob Kadlec (both are private consultants for
the DOI) to support the design of the STAs. Compared with typical marsh treatment areas in the
STAs, CERP storage reservoir designs have greater mean depths, greater variations in depth, and
potentialy, longer water residence times. These factors can be expected to have significant
effects on vegetation communities, phosphorus dynamics, and model calibrations.

DMSTA Version 2 (DMSTA?2), which was first released in June 2005, was enhanced to support
its application to the deeper CERP storage reservoirs. The reservoir module of DMSTA2 was
calibrated using existing water quality data from 11 Floridareservoirs.

Application of DMSTA2 to the EAA Reservoir A-1 involved:

(1) Importing to DMSTA2 1965-2000 time series of available average daily flows in the
NNRC and Miami Canals from the ECP 2010 model run

(2) Importing to DMSTA2 EAA agricultural and environmental deliveries from the ECP
2010 model run

(3) Assigning phosphorus concentrations to each of the daily canal flows described in step
(1). DMSTAZ2 provided continuous daily estimates of water and phosphorus mass
balancesin the EAA Reservoir A-1 over the 36-year simulation period.

Using the POS, between 1965 and 2000, the average total phosphorus loading to the EAA
Reservoir A-1 would be 65.2 x 10° kilograms (kg) per year. Of that, 76 percent came from the
canals, while only 3 percent and 21 percent were from rainfall and re-cycled seepage,
respectively. DMSTA?2 estimated that the EAA Reservoir A-1 would achieve an average 17
percent reduction in the phosphorus loading from the canals.

It was concluded that the EAA Reservoir A-1 will not negatively impact water quality in the
EAA. Phosphorus contained in the Supply Cana could be removed in the EAA Reservoir A-1 as
simulated by the DMSTA2 model.

Details of the water quality modeling of the EAA Reservoir A-1 are provided in Appendix 3-2.
DMSTA2 model documentation is provided in Appendix 3-3.
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3.3 SERVICE LIFE

According to USACE Engineering Manuals EM-1110-2-3104, EM-1110-2-3102, and Major
Pumping Station Engineering Guidelines, the design life for the new northeast pump station and
any modifications to G-370 and G-372 pump stations will be 50 years. With proper maintenance,
this design life can be achieved by following the guidance in these documents.

The mechanical equipment will require rehabilitation or replacement over the design life. The
engines and pumps will operate intermittently but will require regular maintenance. The engines
may require at least one major overhaul during the design life while the pump materials will be
designed to provide long service life. The architectural and structural design of the pump stations
will include elements that will require minimum maintenance and repair over the design life.

The design elements for the structural; civil; mechanical; electrical; instrumentation and control;
architectural; plumbing; and heating, ventilation, and air conditioning (HVAC) are described in
more detail in Sections 11 through 17.

3.4 PROJECT WORK LIMITS

The EAA Reservoir A-1 Project limits are bounded by U.S. 27 on the east, STA-3/4 on the
south, the Holey Land WMA on the southwest, and farmland in the EAA on the northwest and
north. A survey of some of the cross-sections along the boundary of the EAA Reservoir A-1 was
completed in 2004 (Wantman Group, 2004). Any need for additional surveying will be evaluated
during the preliminary design. Final surveys for the EAA Reservoir A-1 components will be
completed when the approved facility locations have been finalized.

3.5 UNITS

The units and system of measurement will be in English.

3.6 CODES AND STANDARDS

3.6.1 General
CERP Guidance Memoranda

SFWMD Design Criteria Memoranda
SFWMD Standard Design Guidelines adopted August, 2005
Acceler8 Design CriteriaMemoranda (DCM)

3.6.2 Site Work Design Criteria

Codes and standards: design and specification of all work shall be accordance with latest laws
and regulations of the federal government, with applicable local codes and ordinances, and with
codes and industry standards referenced herein. Following is a summary of organizations with
codes and standards referenced herein.

American Association of State Highway and Transportation Officials (AASHTO)
American National Standards Ingtitute, Inc. (ANSI)
American Society for Testing and Materials (ASTM)
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Americans with Disabilities Act Accessibility Guidelines for Buildings and Facilities
(ADAAG)

Asphalt Institute (Al)

Federal Highway Administration (FHWA)

Florida Department of Transportation (FDOT)

Manual on Uniform Traffic Control Devices (MUTCD)
South Florida Water Management District (SFWMD)
Uniform Federal Accessibility Standards (UFAS)
United States Army Corps of Engineers (USACE)

3.6.3 Geotechnical Design Criteria

Codes and Standards: Design and specification of all work shall be in accordance with latest
laws and regulations of the federal government, with applicable local codes and ordinances, and
with codes and industry standards referenced herein. Following is a summary of organizations
with codes and standards referenced herein. Recommended and recognized standards from other
organizations shall be used where required and approved to serve as guidelines for the design,
fabrication, and construction when not in conflict with the standards referenced herein.

American Society for Testing and Materials (ASTM)

Design Manual for Roller Compacted Concrete (RCC) Spillways and Overtopping
Protection, Portland Cement Association, 2002

Engineering Manual (EM) 1110-2-2300, General Design and Construction
Considerations for Earth and Rock-Fill Dams

- EM 1110-2-1901, Seepage Analysis and Control For Dams
- EM 1110-2-1902, Slope Stability
- EM 1110-2-2006, Engineering Design — Roller Compacted Concrete

Florida Building Code, 2004 Edition

Florida Department of Transportation (FDOT)

South Florida Water Management District (SFWMD)
United States Army Corp of Engineers (USACE)

3.6.4 Architectural Design Criteria

Codes and Standards: Design and specification of all work shall be in accordance with latest
laws and regulations of the federal government, with applicable local codes and ordinances, and
with codes and industry standards referenced herein. Following is a summary of organizations
with codes and standards referenced herein.

Florida Accessibility Code - Latest Edition
Florida Building Code - 2004 Edition
Occupational Safety and Health Administration - 29 CFR
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3.6.5 Structural Design Criteria

Codes and Standards: Design and specification of all work shall be in accordance with latest
laws and regulations of the federal government, with applicable local codes and ordinances, and
with codes and industry standards referenced herein. Following is a summary of organizations
with codes and standards referenced herein.

Aluminum Design Manual " Specifications for Aluminum Structures,” 2000

American Concrete Institute (ACI)

- ACI 318-02 "Building Code Requirements for Reinforced Concrete"

- ACI 350-01/350R-01 "Code Requirements for Environmental Engineering
Concrete Structures and Commentary"

- ACI 350.4R-04 “Design Considerations for Environmental Engineering
Concrete Structures’

- ACI 530 “Building Code Requirements for Masonry Structures”

- ACI 530.1 “ Specification for Masonry Structures’

American Ingtitute of Steel Construction, Inc. (AISC): Manual of Steel Construction,

Allowable Stress Design, 9th Edition

American Society of Civil Engineers (ASCE) 7-02: Minimum Design Loads for
Buildings and Structures

American Welding Society (AWS)

- American Welding Society, Structural Welding Code — Steel

- American Welding Society, Structural Welding Code — Stainless Steel
- American Welding Society, Structural Welding Code — Aluminum
CERP Standard Design Manual, June 6, 2003

Concrete Reinforcing Steel Institute Handbook
Florida Building Code, 2004 Edition
PCI Design Handbook, Precast and Prestressed Concrete

South Florida Water Management District, Maor Pumping Station Engineering
Guidelines, November 29, 2004

United States Army Corps of Engineers (USACE)

- EM 1110-1-2009 Architectural Concrete

- EM 1110-2-2000 Standard Practice for Concrete for Civil Works Structures,
dated 1 February 1994

- EM 1110-2-2102 Waterstops and Other Preformed Joint Materials for Civil
Works Structures, dated 30 September 1995

- EM 1110-2-2104 Strength Design for Reinforced Concrete Hydraulic
Structures, dated 30 June 1992
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- EM 1110-2-2105 Design of Hydraulic Steel Structures, dated 31 March 1993

- EM 1110-2-2502 Retaining and Flood Walls, dated 29 September 1989

- EM 1110-2-2701 Vertical Lift Gates, dated 30 November 1997

- EM 1110-2-3104 Structural and Architectural Design of Pumping Stations,
dated 30 June 1989

3.6.6 Special Mechanical Equipment Design Criteria

Codes and Standards: Design and specification of al work shall be in accordance with latest
laws and regulations of the federal government, with applicable local codes and ordinances, and
with codes and industry standards referenced herein. Following is a summary of organizations
with codes and standards referenced herein.

American Association of State Highway and Transportation Officials (AASHTO)
American Bearing Manufacturers Association (ABMA)

American Gear Manufacturers Association (AGMA)

American Petroleum Institute (API)

- API Standard 620 - Design and Construction of Large Low Pressure Storage
Tanks
- API Standard 650 - Welded Steel Tanks for Oil Storage

American Society of Mechanica Engineers (ASME)/ American National Standards
Institute (ANSI)

- ANSI/ASME B1.20.1 - Genera Purpose Pipe Threads

- ANSI/ASME B16.1 - Cast Iron Pipe Flanges and Flanged Fittings, Class 25,
125, 250 and 800

- ANSI/ASME B16.5 - Steel Pipe Flanges and Flanged Fittings

- ANSI/ASME B16.11 - Forged Fittings, Socket-Welding and Threaded

- ANSI/ASME B16.21 - Nonmetallic Flat Gaskets for Pipe Flanges

- ANSI/ASME B16.25 - Butt-welding Ends

- ANSI/ASME B31.10 - Pressure Piping

American Society of Testing and Materials (ASTM)

- ASTM A36 - Structural Steel

- ASTM AS53 - Pipe, Stedl, Black and Hot-Dipped, Zinc-Coated Welded and
Seamless

- ASTM A105 - Forgings, Carbon Steel for Piping Components

- ASTM A139 - Electric Fusion Welded Steel Pipe

- ASTM A139B - Specification for Electric-Fusion (Arc)-Welded Steel Pipe

- ASTM A181 - Forgings, Carbon Steel for General Purpose Piping

- ASTM A283 - Carbon Steel Plate, Shapes, or Bars
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- ASTM A307 - Specification for Carbon Steel Bolts and Studs, 60,000 psi
Tensile

- ASTM A312 - Specification for Seamless and Welded Austenitic Stainless
Steel Pipe

- ASTM A563 - Specifications for Carbon and Alloy Steel Nuts

- ASTM A568 - Steel, Sheet, Carbon, and High Strength, Low Alloy Hot
Rolled and Cold Rolled

- ASTM A570 - Hot Rolled Carbon Steel Sheet

- ASTM F593 — Stainless Steel Bolts, Hex Nuts, Screws, and Studs, 2000

American Water Works Association (AWWA)

- AWWA C200 - Steel Water Pipe 6 Inches and Larger

- AWWA C207 - Steel Pipe Flanges for Waterworks Service, Sizes 4 Inch
through 144 Inch

- AWWA C208 - Dimensions for Fabricated Steel Water Pipe Fittings

- AWWA M11 - Steel Water Pipe - A Guide for Design and Installation

- AWWA C600 - Instalation of Ductile-Iron Water Mains and their
Appurtenances

ANSI/ASME B36.10 - Welded and Seamless Wrought Steel Pipe

CERP Standard Design Manual, 2003, USACE Jacksonville District and SFWMD
EPA Regulation 40 CFR Part 280.41

Heat Exchange Institute (HEI)

Hydraulics Ingtitute Standards (HI)

- ANSI/HI Standard 9.8-1998 - Pump Intake Design

- ANSI/HI Standard 2.1-2.6-2000 - Standards for Vertical Pumps

- ANSI/HI Standard 9.6.1-1998 — NPSH Margin

Manufacturers Standardization Society of Valve and Fitting Industry (MSS)

- MSS-SP 58 (1993) Pipe Hangers and Supports + Materials, Design, and
Manufacture

- MSS-SP 69 (1996) Pipe Hangers and Supports + Selection and Application

National Fire Protection Association (NFPA)

- NFPA 30 - Flammable and Combustible Liquids Code

- NFPA 30A - Automotive and Marine Station Code

- NFPA 37 - Stationary Combustion Engines and Gas Turbines

- NFPA 329 - System Test

Pipe Fabrication Institute (PFI):

- PFI-ES5 - Cleaning of Fabricated Pipe
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Steel Structures Painting Council (SSPC)

- SSPC SP1 - Solvent Cleaning

- SSPC SP3 - Power Tool Cleaning

- SSPC SP5 - White Metal Blast Cleaning
- SSPC-SP6 - Commercial Blast Cleaning
- SSPC SP7 - Brush Off Blast Cleaning

South Florida Water Management District, Maor Pumping Station Engineering
Guidelines, November 29, 2004,

Underwriters Laboratories Inc. (UL)

- UL-142 - Steel Aboveground Tanks for Flammable and Combustible Liquids

United States Army Corps of Engineers (USACE)

- EM 1110-2-3102, Genera Principles of Pumping Station Design and Layout,
1995

- EM 1110-2-3104, Structural and Architectural Design of Pumping Stations,
1989

- EM 1110-2-3105, Mechanical and Electrical Design of Pumping Stations,
1999

3.6.7 HVAC, Plumbing and Fire Suppression

Codes and Standards: Design and specification of all work shall be in accordance with latest
laws and regulations of the federal government, with applicable local codes and ordinances, and
with codes and industry standards referenced herein. In addition to the applicable codes and
standards previously identified, the system designs will also be based on but not limited to the
following publications and standards:

American Society of Heating, Refrigeration, and Air Conditioning Engineers
(ASHRAE) Handbooks and Standards

American Society of Plumbing Engineers (ASPE) Handbooks
Florida Building Code 2001 — Mechanical

Florida Building Code 2001 — Plumbing

Florida Fire Protection Code

Major Pumping Station Engineering Guidelines, 2004, South Florida Water
Management District

National Fire Protection Association Recommended Practices (NFPA) and Manuals
Occupational Safety and Health Act (OSHA) Standards Manual

Sheet Metal and Air Conditioning Contractor National Association (SMACNA)
Handbooks
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3.6.8 Fire Protection and Detection Design Criteria

Codes and Standards:. Design and specification of all work shall be in accordance with latest
laws and regulations of the federal government, with applicable local codes and ordinances, and
with codes and industry standards referenced herein. Following is a summary of organizations
with codes and standards referenced herein.

International Building Code (International Code Council) - 2003
International Fire Code (ICC) - 2003

National Fire Protection Association (NFPA)

Occupational Safety and Health Administration (OSHA)

Underwriters Laboratories, Inc. (UL)

3.6.9 Electrical Design Criteria

Codes and Standards: Design and specification of all work shall be in accordance with latest
laws and regulations of the federal government, with applicable local codes and ordinances, and
with codes and industry standards referenced herein. Following is a summary of organizations
with codes and standards referenced herein.

American National Standards Institute (ANSI)

- ANSI C2, National Electrical Safety Code

- ANSI C84.1, Electric Power Systems and Equipment - Voltage Ratings

- ANSI A117.1, Buildings and Facilities - Providing Accessibility and Usability
for Physically Handicapped People

- ANSI/IEEE Std. 242, Recommended Practice for Protection and Coordination
of Industrial and Commercial Power Systems (The Buff book)

Institute of Electrical and Electronics Engineers (IEEE) C62.41 Surge Voltage in Low
Voltage AC Power Circuits

[lluminating Engineering Society (1ES) Lighting Handbook, Reference Volume and
Application Volume

National Fire Protection Agency (NFPA)

- NFPA 70, National Electrical Code

- NFPA 72, National Fire Alarm Code

- NFPA 101, Code for Safety to Life from Fire in Buildings and Structures
- NFPA 78, Lightning Protection Code

Uniform Federal Accessibility Standards (UFAS)

UL 268, Smoke Detectors for Fire Protective Signaling Systems
USACE Technical Standards, TI-800-01
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3.6.10 Instrumentation and Controls Design Criteria

Codes and Standards:. Design and specification of all work shall be in accordance with latest
laws and regulations of the federal government, with applicable local codes and ordinances, and
with codes and industry standards referenced herein. Following is a summary of organizations
with codes and standards referenced herein.

American National Standards Institute (ANSI)

ANSI C37.90 (1989) Relays and Relay Systems Associated with Electric
Power Apparatus

ANSI C37.90.1 (1989) Surge Withstand Capability (SWC) Test for Protective
Relays and Relay Systems

EM ANSI/EIA/TIA -232-F (2002) Interface Between Data Terminal
Equipment and Data Circuit-Terminating Equipment Employing Seria Binary
Data Interchange

Institute of Electrical and Electronics Engineers (IEEE)

|EEE C62.41 (1991) Recommended Practice for Surge Voltagesin Low-
Voltage AC Power Circuits

|EEE Std 100 (2000) |EEE Standard Dictionary of Electrical and Electronics
Terms

|EEE Std 802 (1990; R 1995) Information Processing Systems, Local Area
Networks: Part 4: Token Passing Bus Access Method and Physical Layer
Specifications

International Electrotechnical Commission (1EC) 61131-3 (2003) Programmable
Controllers — Part 3: Programming Languages

National Electrical Manufacturer’s Association (NEMA)

NEMA 250 (1997) Enclosures for Electrical Equipment (1,000 Volts
Maximum)

NEMA ICS 1 (2000) Industrial Control and Systems. General Requirements
NEMA ICS 2 (2000) Industrial Control and Systems: Controllers, Contactors,
and Overload Relays Rated 600 volts

NEMA ICS 4 (2000) Industrial Control and Systems: Terminal Blocks
NEMA ICS 6 (1993; R 2001) Industrial Control and Systems: Enclosures

National Fire Protection Agency (NFPA) 70 (2002) National Electrica Code
Underwriter’s Laboratories

UL 1059 (2001) Terminal Blocks
UL 508 (1999; Rev thru Dec 2002) Control Equipment
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3.6.11  Telemetry System Design Criteria

Codes and Standards:. Design and specification of all work shall be in accordance with latest
laws and regulations of the State of Florida and the federal government, with applicable local
codes and ordinances, and with codes and industry standards referenced herein. Following is a
summary of organizations with codes and standards referenced herein.

Electronics Industries Alliance (EIA)

- EIA ANSI/TIA/EIA-222-F (1996) Structural Standards for Steel Antenna
Towers and Antenna Supporting Structures

- EIA ANSI/EIA/TIA-232-F (2002) Interface Between Data Terminal
Equipment and Data Circuit Terminating Equipment Employing Seria Binary
Data Interchange

- EIA ANSI/EIA-310-D (1992) Racks, Panels, and Associated Equipment

Federal Communications Commission (FCC) 47 CFR 15 Radio Frequency Devices

SFWMD Design Standards and Guidelines

3.6.12  Design Criteria Memoranda

Following is a summary of the Design Criteria Memoranda and their respective issue dates.
DCM-1 Hazard Potential Classification August 19, 2005
DCM-2  Wind and Precipitation Design Criteriafor Freeboard  October 11, 2005
DCM-3  Spillway Capacity and Reservoir Drawdown Criteria August 19, 2005

DCM-4  Minimum Dimensions of Dams and Embankments August 19, 2005
DCM-5 Major Pump Station Engineering Guidelines In Progress
DCM-6  Geotechnical Seismic Evaluation of CERP

Dam Foundations May 16, 2005
DCM-7  Procedure for Development of Engineering

Construction Cost Estimates August 5, 2005
DCM-8 Vulnerability Protection Requirements In Progress
DCM-9  Embankment Instrumentation In Progress
DCM-10 Construction Quality Assurance Procedures In Progress
DCM-11 Post Construction/Inspection/Dam Safety Program In Progress
DCM-12 Vaue Engineering In Progress

3.7 REFERENCES
Copp, R. (A.D.A. Engineering, Inc.), Personal Communication, July 12, 2005.
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Office of Modeling, ECP 2010 and 2015 Model Runs (Version 5.4.2). South Florida Water
Management District, June, 2005.

Piccone, T. Personal Communication. E-mail dated July 19, 2005.

Wantman Group. South Florida Water Management District Storage Reservoir Specific Purpose
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4. REGULATORY CONSIDERATIONS AND ASSURANCES

4.1 INTRODUCTION

This Section summarizes the regulatory and permitting requirements within the State of Florida
that may be required for the EAA Reservoir A-1 Project. The permits necessary to construct and
operate the EAA Reservoir A-1 will depend on the results of agency consultation and/or field
surveys as applicable as well as the final construction design. Table 4.1-1 (located at the back of
this Section) summarizes the federal and state permitting requirements and provides an
approximate timeline for obtaining each permit. The following is a discussion of applicable
permits and associated guidance that has been assembled for this EAA Reservoir A-1 Project.

4.2 FEDERAL REQUIREMENTS

The EAA Reservoir A-1 Project is required to satisfy many federal requirements including the
NEPA, Clean Water Act (CWA), Clean Air Act (CAA), Endangered Species Act (ESA), Rivers
and Harbors Act, Coastal Zone Management Act (CZMA), Fish and Wildlife Coordination Act
of 1958, National Historic Preservation Act, Safe Drinking Water Act (SDWA), Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), Title V, Section 106
Coastal Resources Marine Mammal Protection Act, Migratory Bird Treaty Act, Migratory Bird
Conservation Act, Resource Conservation and Recovery Act (RCRA), and WRDA Sections 904,
307, and 601, while keeping in mind such issues as, protection of wetlands, floodplain
management, environmental justice, and invasive species.

42.1 National Environmental Policy Act (NEPA) Coordination

NEPA requires that federal agencies consider the potential effects of actions that may adversely
affect the environment and consider possible aternative courses of action to reduce impacts
before approving the EAA Reservoir A-1 Project. As a federally funded project, the EAA
Reservoir A-1 Project will require a NEPA environmental analysis. Due to the nature and size of
the EAA Reservoir A-1 Project, an EIS is required. The USACE is in the process of preparing
the EIS for this EAA Reservoir A-1 Project as part of the PIR process (USGS 2004).

4.2.2 USACE Dredge & Fill Permit

Section 404 of the CWA and the Rivers and Harbors Act (Section 10) govern the disposal of
dredged material or fill in the nation’s waters, including wetlands. The USACE is charged with
overseeing the regulation of dredging and filling activities in waters of the United States. Persons
wanting to dispose of dredged material or conduct infill activities in waters of the U.S. are
required by law to obtain a permit from the USACE. The EAA Reservoir A-1 Project will
involve disposal of dredged material or fill activities within waters of the U.S., specifically
jurisdictional project wetlands.

The USACE requires either Section 404 or Section 10 permits to fill in wetlands and surface
waters of the U.S. The types of Dredge and Fill permits applicable in Florida are described in
Sections 2.2.1 through 2.1.5 of Section 9 of the Rivers and Harbors Act of 1899 (USACE
2004b). A Section 10 permit is not expected to be applicable to the proposed EAA Reservoir A-
1 Project, since none of the waters involved is designated as navigable. Key commenting
agencies for the USACE permit include the EPA, USFWS, and State Historic Preservation
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Office (SHPO). The EPA is authorized to prohibit the use of a site for disposal if discharges
would have an unacceptable, adverse effect on municipal water supplies, shellfish beds, fishery
areas, wildlife, or recreational uses. Some types of activities are exempt from permit
requirements, including certain farming, ranching, and forestry practices, which do not alter the
use or character of the land; some construction and maintenance; and activities already regulated
by states under other provisions of the CWA (United States Coast Guard [USCG] 2002).

An Individual Permit application is required for projects that cannot meet the minimal impact
requirements of Nationwide Permits or are not covered by available Regiona General Permits.
The EAA Reservoir A-1 Project would require an Individual Permit under the CWA Section
404. Permit application requirements include: detailed site information, project details, site plans,
existing and proposed environmental conditions, construction, drainage, and operational
information.

The permit application requires a 30-day public comment period. During this time, interested
parties and local, state, and federal agencies are allowed to review and comment on the proposed
EAA Reservoir A-1 Project (USACE, 2004a). After all comments have been evaluated a final
decision from the USACE will be made based on internal comments and those from the public.
The USACE will release a Statement of Findings explaining the permit decision and issue the
permit (EPA, 2005).

4.2.3 Section 401 Water Quality Certification

Section 401 of the CWA requires state water quality certification prior to federal sponsorship or
issuance of federal permits, such as the USACE Section 404 Dredge and Fill Permit. F.S. Section
373.1502(3)(b)(2) states that, “state water quality standards will be met to the maximum extent
practicable. Under no circumstances shall the project component cause or contribute to violations
of state water quality standards.” Water quality certification is provided by the State of Florida.
According to Section 373.1502 F.S., since the EAA Reservoir A-1 Project is part of the CERP,
water quality certification will be issued by the state concurrently with the Comprehensive
Everglades Restoration Plan Restoration Act (CERPRA) Permit.

4.2.4 SPCC Plans — CWA

Under the provisions of EPA 40 CFR Part 112 - Qil Pollution Prevention, facilities which have
above ground petroleum products storage of greater than 1,320 gallons aggregate or greater than
42,000 gallons below ground storage, are required to have a Spill Prevention, Control and
Counter Measures (SPCC) Plan which meets all of the requirements of this regulation. Part 112
of 40 CFR establishes procedures, methods and equipment, and other requirements to prevent the
discharge of oil from facilities into or upon the navigable waters of the United States or adjoining
shorelines. The SPCC Plan must be formulated under the supervision of and certified by a
registered professional engineer and must be available at the facility for inspection by FDEP and
EPA personndl. If above ground petroleum products storage exceeds the above thresholds, a
SPCC Plan will be required.

4.2.5 National Pollution Discharge Elimination System Permits (NPDES)

The National Pollution Discharge Elimination System (NPDES) regulations for discharges of
industrial effluent are authorized under the provisions of Section 402 of the CWA. Authority for

BLACK & VEATCH 4-3 REGULATORY CONSIDERATIONS
AND ASSURANCES



EAA Reservoir A-1 Basis of Design Report January, 2006

administration of the NPDES Program is delegated to the FDEP by the EPA. Please refer to State
Permitting Requirements below for details of the State implementation of this program.

4.2.6 Coastal Zone Management

The CZMA authorizes the Nationa Oceanic and Atmospheric Administration (NOAA) to
administer the federal Coastal Zone Management Program (CZMP). The purpose of CZMP isto
preserve, protect, develop, and where possible, to restore or enhance, the resources of the
nation’s coastal zone. The federal CZMP has delegated the day-to-day management of the
program in Florida to the Florida Department of Community Affairs, including determinations of
consistency (FDEP 2005b).

The CZMP coordinates state governmental activities related to the protection, preservation, and
development of Floridas natural, cultural, and economic coastal resources. A network of 10
agencies implement the program (FDEP 2005b). Federa projects, such as the EAA Reservoir
A-1 Project, are typically reviewed for consistency on an individual basis during the PIR/EIS
process. Because this is a federally mandated program, the EAA Reservoir A-1 Project will be
required to obtain Coastal Zone Consistency from the State of Florida.

4.2.7 Section 7 Endangered Species Act Consultation

Section 7 of the ESA requires that federal actions not jeopardize the continued existence of
federaly listed species nor modify their designated critical habitat. Based on initial consultations
with the USFWS, protected species may inhabit the EAA Reservoir A-1 Project area. Several
studies have been and/or are in progress. Informal consultation with the USFWS should be
conducted to develop an EAA Reservoir A-1 Project plan that will not harm federally listed
species. Refer to USFWS Environmental Existing Conditions report for potential protected
species observed within the EAA Reservoir A-1 site. Those threatened, endangered, or protected
species that may be found on the EAA Reservoir A-1 site are listed in Appendix 4-1.

428 Section 106 - Cultural Resources

The Nationa Historic Preservation Act (NHPA) (16 U.S.C. 470) created the Advisory Council
on Historic Preservation (ACHP), an independent federal agency, to advise the President and
Congress on matters involving historic preservation. The ACHP is authorized to review and
comment on all actions licensed by the federa government which will have an effect on
properties listed in the National Register of Historic Places, or eligible for such listing.

Section 106 (16 U.S.C. 470f) requires that any federa agency having direct or indirect
jurisdiction over a proposed federal or federally assisted project review that project for impact on
significant historic properties. The agency must allow the SHPO and the ACHP to comment on a
proposed project to determine whether cultural/historic resources can be found on the project
site. If significant potential exists for discovering cultural resources, SHPO may request
additional studies for clarification. If historic or cultural resources are found, the agency must
determine the effects on those properties and seek ways to avoid or reduce any negative effects.

Where excavation is proposed for the EAA Reservoir A-1, a cultura resources survey and
confirmation of compliance with Section 106 and the NHPA will be required.
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429 Clean Air Act

The northeast pump station proposed for the EAA Reservoir A-1 may affect air quality; thus
compliance with this act will be required. However, under the current delegation agreement
between the EPA and FDEP, permit review is administered at the state level and reviewed for
concurrence with CAA Requirements by the EPA. Please refer to State Permitting Requirements
below for further details.

4.2.10 Miscellaneous

USFWS (Slack, 2005) issued a Planning Aid Letter (PAL) to USACE on March 11, 2005, in
which they provided guidance and recommendations on resource conservation issues for the
EAA Reservoir A-1 Project. USFWS recommended including a habitat buffer on the north and
west sides of the EAA Reservoir A-1 and littoral shelves along the seepage canals and on the
internal sides of the embankment. USFWS recognized that littoral shelves on the interior sides of
the EAA Reservoir A-1 may be cost-prohibitive.

4.3 PROJECT ASSURANCES

Within WRDA 2000, Congress approved CERFP' s objectives to restore, preserve, and protect the
south Florida ecosystem while providing for water-related needs of the region. The components
of CERP will increase storage and water supply for the natural system, as well as for agricultural
and urban needs. Provisions in Section 601(h) of the WRDA, “Assurance of Project Benefits,”
resulted in an agreement between the federal government and the State of Florida. Because
implementation of CERP will require the cooperation and collaboration of federal, state, and
tribal entities, all interests sought assurances that they would receive the anticipated benefits
from CERP.

The Federal -State Agreement states the following,

“As required by the Water Resources Development Act of 2000, water made
available by each project in the Comprehensive Everglades Restoration Plan will
not be permitted for a consumptive use or otherwise made unavailable by the
State of Florida until such time as sufficient reservations of water for restoration
of the natural system are made by regulation or other appropriate means pursuant
to Section 373, Florida Statutes, and in accordance with the project
implementation report for the project and consistent with the Comprehensive
Everglades Restoration Plan.”

Section 601(h)(4) of the WRDA specifies that a PIR will be used to document consistency with
CERP; to satisfy the programmatic regulations; to comply with the NEPA; to identify the
appropriate quantity, timing, and distribution of water dedicated and managed for the natural
system; to comply with water quality standards and permitting requirements; to identify the
amount of water to be reserved or allocated for the natural system necessary to accomplish the
guantity and quality objectives; to be based on the best available science, and to include an
analysis of cost-effectiveness and engineering feasibility of the EAA Reservoir A-1 Project.

Section 601(h)(5) of the WRDA specifies a savings clause that must be considered when
implementing a project under CERP. Protection of existing legal sources from elimination or
transfer and protection of level of service of flood protection existing as of December 2000 is
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required by the federal law. The PIR will contain the analyses required to determine whether an
elimination or transfer has occurred as a result of implementation of CERP and whether levels of
service for flood protection will be reduced. These analyses will be conducted on the alternative
plan selected by the SFWMD from the BODR.

Implementation of CERP must also be consistent with State law. As a loca sponsor, SFWMD
has responsibilities that are outlined in Section 373.1501(5) of the F.S. Subsection (d) requires
the SFWMD to do the following:

“... provide reasonable assurances that the quantity of water available to existing

legal users shall not be diminished by implementation of project components so as
to adversely impact existing legal users, that existing levels of service for flood
protection will not be diminished outside the geographic area of the project
component, and that water management practices will continue to adapt to meet
the needs of the restored natural environment.”

After the preferred alternative EAA Reservoir A-1 Project plan is selected by the SFWMD and
the spatial extent of the EAA Reservoir A-1 effects is identified, separate comparisons of
modeling simulations will be performed to satisfy the federal (WRDA 2000) and state (Section
373.1501 F.S. assurances), and to identify the water made available for the protection of fish and
wildlife and for other water related needs. Separate comparative analyses are planned by the
SFWMD to evaluate the following conditions:

Section 373.1501 F.S. - Assurances analysis to evauate the quantity of water
available to existing legal users

Section 373.1501 F.S. — Assurances analysis to evaluate the effects of EAA Reservoir
A-1 Project implementation on existing levels of flood protection

WRDA 2000 - Quantification of water made available by the EAA Reservoir A-1
Project for the protection of fish and wildlife

WRDA 2000 - Quantification of water made available by the EAA Reservoir A-1
Project for other water related needs

To evauate the potential effects of the EAA Reservoir A-1 Project on existing levels of flood
protection, the “Existing PIR Baseline” condition will be compared to the Existing PIR Baseline
with the EAA Reservoir A-1 in place to determine whether any significant and adverse impacts
result from the EAA Reservoir A-1 Project. To accomplish this, sub-regional modeling will be
conducted by the SFWMD combined with the MODFLOW (a three-dimensional groundwater
flow model) and SEEP/W (a two-dimensional finite element model) models to determine the
EAA Reservoir A-1 Project’s potential effects on the level of service for flood protection. It is
planned that this series of model runs will be performed following the preparation of the BODR
and prior to completion of the 30-Percent Engineering Design Report.

The SFWMM 2x2 model (which is the same as the ECP 2010 and 2015, Version 5.4.2, runs for
the Regional Feasibility Study) is the primary tool used by the SFWMD to evaluate the
interaction of water supply and water deliveries with hydrologic conditions on a regional scale.
Because the regiona model is based on 2-mile square grid cells, a sub-regional model with
greater detail at alocal scale will be developed by SFWMD to simulate the operation of the EAA
Reservoir A-1. The localized, sub-regional model will be used by SFWMD to quantify the water
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made available by the EAA Reservoir A-1 Project for the protection of fish and wildlife and for
other water related needs, as well as to evaluate any elimination or transfer of water that may
result from the EAA Reservoir A-1 Project. As with the aforementioned subregional modeling, it
is planned that the SFWMD will perform this series of model runs following preparation of the
BODR and prior to completion of the 30-Percent Engineering Design Report.

Project assurance had been considered in a preliminary manner as part of the evaluation of
engineering alternatives for the EAA Reservoir A-1 BODR. The assurances are addressed in
other sections of the BODR:

Alternatives to control seepage from the EAA Reservoir A-1 and provide protection
from flooding are described in Section 9.

Modeling results, which describe the environmental deliveries to the WCAs, are
presented in Section 6.

Modeling results, which describe the agricultural deliveries to the farm lands, are
presented in Section 6.

The EAA Reservoir A-1 will be operated to store water, which would otherwise be
lost to tide or sent to the WCASs during wet seasons. The stored water can now be
made available for environmental or agricultural deliveries at more appropriate
timing. Thisis presented in the Operations Plan described in Section 20.

4.4 STATE PERMITS

The FDEP is responsible for reviewing the majority of environmental permits. Section
373.1502(3)(b) F.S. authorizes the FDEP to issue permits for the construction, operation and
maintenance of CERP project components under the CERPRA unless either of the following
conditions applies: (1) the project component is otherwise subject to the EFA or the Lake
Okeechobee Protection Act (LOPA), or (2) the project is subject to the FDEP' s rules on reuse of
reclaimed water. The EAA Reservoir A-1 Project is not included as part of the EFA or LOPA,
and istherefore, subject to the regulations set forth in CERPRA.

The FDEP is responsible for administering the CZMP and the use of Sovereign State Lands.
Descriptions of the permits and clearances, which may be needed for the EAA Reservoir A-1
Project, are provided in the following sections.

44.1 Comprehensive Everglades Restoration Plan Act Permit

The EAA Reservoir A-1 Project is not included as part of the EFA or LOPA, and is therefore,
considered part of the CERPRA. CERPRA projects are subject to Section 373.1502 F.S. With
the exception of federally delegated or approved permitting programs, permits issued pursuant to
Section 373.1502 F.S. are in lieu of al other permits and authorization required under Chapter
373 F.S., Chapter 403 F.A.C. Therefore, most state permits will be issued concurrent with the
CERPRA permit.

The FDEP will issue a CERPRA permit for a term of five years providing the applicant can
provide reasonable assurances that:
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The project component will achieve the design objectives set forth in the detailed
design documents submitted as part of the application

State water quality standards, including water quality criteria and moderating
provisions, will be met. Under no circumstances shall the project component cause or
contribute to violation of state water quality standards

Discharges from the project component will not pose a serious danger to public
health, safety, or welfare

Any impacts to wetlands or threatened or endangered species resulting from
implementation of the project component will be avoided, minimized, and mitigated,
as appropriate

A comprehensive plan amendment is not required based on discussions with representatives of
Palm Beach County.

442 Well Construction Permit

A permit is required for the construction, repair, or abandonment of any well in the SFWMD
unless specifically exempted by rule or law. The construction and/or repair of water wells,
including monitoring wells, must be performed by a Florida-licensed water well contractor.
Chapter 62-532 F.A.C. of the FDEP Rules regulates all such activities under the Florida
Department of Heath (DOH, 2005). SFWMD is responsible for issuing Well Construction
Permits in Palm Beach County for wells four inches or greater in diameter. The Palm Beach
County Public Health Unit (CPHU) is delegated the authority for issuance of permits for wells
less than four inches in diameter. The aternatives, which use wells to control seepage, are
described in Section 9.3.4 and 9.3.5 and propose 6 inch diameter wells.

4.4.3 Consumptive Use Permit

Water management districts regulate the Consumptive Use Permit program in Florida, as
prescribed in Chapter 373, Part || F.S. Two types of permits may be issued: Individual and
General. If a specified project will exceed amonthly use of 15 million gallons per month (MGM)
an individual permit is required. A minor General Permit (GP) will be issued if water
consumptions estimated to be less than 3 MGM; a mgor GP is issued when use is estimated to
be between 3 MGM and 15 MGM. To satisfy the permit requirements, the applicant must be able
to show that the use will be "reasonable and beneficial”. Secondly, the applicant must
demonstrate that the use is consistent with the public interest. The third provision of the permit
evaluation requires the applicant to assure that the use will not result in adverse impacts to
existing legal users (SFWMD, 2005). Because the EAA Reservoir A-1 Project will be permitted
under CERPRA, a Consumptive Use Permit will not be required in accordance with Section
373.323 F.S. During the CERPRA process, however, a consumptive use evaluation will be
conducted. All pertinent information, including the requirements listed above should be
submitted with the CERPRA application.

4.4.4 Florida Department of Transportation Access Permit

An Access Permit is required from the FDOT for driveways, streets, turnouts, or other means of
providing access to the state highway system. Rule 14-96 and 14-97 F.A.C. govern access
permits. Any access road constructed for the EAA Reservoir A-1 Project, which will connect to
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the state highway system, will require an access permit from the FDOT. A GP will be required
for the construction of the planned bridge on U.S. 27, coordination with FDOT should occur as
early into the EAA Reservoir A-1 Project planning as possible to prevent schedule delays. In
addition, the EAA Reservoir A-1 Project would be required to undergo Maintenance of Traffic
review to determine any necessary traffic improvements resulting from the EAA Reservoir A-1
Project.

4.4.5 Clean Air Construction (NSR-PSD) and Operation (Title V) Permits

Under the terms of its delegation of CAA permitting authority from the EPA, the FDEP is
responsible for New Source Review (NSR) of proposed stationary sources of air pollution and
issuance of both Construction (Prevention of Significant Deterioration or PSD) and Operation
(Title V) Permits, as applicable. Following is a discussion of the permitting program as it may
apply to the EAA Reservoir A-1 Project.

4451 New Source Review (NSR) and Prevention of Significant Deterioration
(PSD) Construction Permits

It is possible that a Categorical Exemption (CE) could apply to the EAA Reservoir A-1 pump
station if the facility uses less than certain amounts of fuel on an annua basis. A CE is allowed
for the following:

“...one or more heating units and general purpose internal combustion engines
located within a single facility provided none of the heating units or general
purpose internal combustion engines is subject to the Federal Acid Rain Program,
and total fuel consumption by all such heating units and general purpose internal
combustion engines within the facility is limited to 32,000 gallons per year of
diesel fuel, 4,000 gallons per year of gasoline, 4.4 million cubic feet per year of
natural gas or propane, or an equivalent prorated amount if multiple fuels are used
(Section 62-210.300(3)(a)21 F.A.C.).”

However, it is expected that the northeast pump station will require more than 32,000 gallons of
diesel fuel for operation each year.

In addition, a Generic Exemption may be available based on performance parametersis provided
in Section 62-210.300(3)(c)3 F.A.C. Facilities comprising heating units and general-purpose
internal combustion engines are exempt, provided the following conditions are met:

The facility operates no emissions units other than the heating units and general-
purpose internal combustion engines.

None of the heating units or general purpose internal combustion enginesis subject to
the Federal Acid Rain Program as defined at Rule 62-210.200, F.A.C.

Each of the heating units or general purpose internal combustion engines meets the
genera visible emissions standard of Rule 62-296.320(4)(b), F.A.C.

Total fuel consumption by all heating units and general purpose internal combustion
engines within the facility islimited to 250,000 gallons per year of diesel fuel, 30,000
gallons per year of gasoline, 35 million cubic feet per year of natural gas or propane,
or an equivalent prorated amount if multiple fuels are used.
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The owner or operator of the facility maintains records to document the fuel
consumption, by type, for each emissions unit. The owner or operator shall retain
these records, available for FDEP inspection, for a period of at least five years.

The owner or operator submits a completed Heating Units and General Purpose 62-
210-40 Internal Combustion Engines Air General Permit Notification Form, showing
entitlement to the use of the general permit, to the FDEP at least 30 days prior to
beginning operation.

The final determination as to the level of involvement which the EAA Reservoir A-1 Project will
have with respect to Stationary Source Permitting cannot be made until pump station design, and
the pump selection process have commenced.

If the above exemption criteria are not met, then the EAA Reservoir A-1 Project must
demonstrate compliance with the general PSD Requirements of the CAA. Emissions estimates
would need to be developed for the CAA-designated Criteria Air Pollutants, which are carbon
monoxide, lead, nitrogen dioxide, ozone, particulate matter, and sulfur dioxide. Additionally,
National Ambient Air Quality Standards (NAAQS) have been established for these pollutants. If
required to comply with PSD, the EAA Reservoir A-1 Project would need to demonstrate by air
dispersion modeling that pump operations would not cause exceedances of these standards at the
EAA Reservoir A-1 Project property line.

4.45.2 Clean Air Act Operating (Title V) Permits

The FDEP is responsible for air operating permits, which regulate both major and minor
emitters. Operating permits are legally enforceable documents that are issued to air pollution
sources. As stated in Section 62-210.300 F.A.C., any emissions unit which emits or can
reasonably be expected to emit any air pollutant needs to obtain an appropriate air permit from
the FDEP prior to beginning construction, modification, or initial or continued operation of the
emissions unit unless exempted pursuant to FDEP rule or statute (FDEP, 2004a). FDEP issues
the following types of air permits:

Title V Operating Permits are for sources of air pollution regulated by Title V of the
CAA. These sources include those that are subject to acid rain rules, and those
certified under the Power Plant Sighting Act.

Title V General Permits are for area sources of air pollution, such as
perchloroethylene (dry cleaners), chromium (electroplating and anodizing facilities),
hal ogenated solvent degreasers, ethylene oxide sterilizers, asbestos manufacturers and
fabricators, and secondary aluminum sweat furnaces.

Non-Title V General Permits are for minor sources of air pollution, such as mercury
recovery and reclamation, bulk gasoline plants, heating units and general purpose
internal combustion engines, surface coating operations, plastic products fabrication,
cast polymer operations, concrete batching plants, human crematory, animal
crematory, and nonmetallic mineral processing plants.

The proposed EAA Reservoir A-1 Project could potentialy require a Non-Title V Genera
Permit for minor stationary sources of air pollutants, depending on the type of facilities required
to operate and maintain the proposed EAA Reservoir A-1 and canal system. Section 62-210.300
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F.A.C. establishes the rules and regulations governing Stationary Source Permits. According to
this chapter, two pertinent exemptions may apply to the proposed EAA Reservoir A-1 Project.
They are defined in Section 62-210.300(3) F.A.C. and relate to:

Categorical exemptions related to fossil fuel steam generators and hot water
generators

Generic and Temporary Emissions Unit Exemptions are those not entitled to a
Categorical Exemption that relate to emissions quantities.

4.4.6 Petroleum Storage Tanks

Petroleum storage tanks are regulated under the provisions of Rule 62-761 F.A.C. Underground
Storage Tanks (USTs) and Rule 62-762 F.A.C. Aboveground Storage Tanks (ASTS). If the EAA
Reservoir A-1 Project requires either UST storage capacity in excess of 110 gallons or AST
storage capacity in excess of 550 gallons, then the Project must comply with the applicable
standards for engineering, construction and operation of the storage system. Additionaly, all
regulated storage tanks must be registered with the FDEP and will be subject to annual
inspections by the Palm Beach County Department of Environmental Resource Management.

4.4.7 Dewatering Permits

Dewatering permits are administered by the SFWMD under the provisions of Rule 40E-20 F.A.C
for water use permits. A Dewatering Notice General Use Permit may be required for the EAA
Reservoir A-1 Project if the dewatering total quantity is less than 10 million gallons per day
(mgd), less than 1,800 MGD total pumpage and less than one year in duration. For dewatering
guantities less than five MGD, 100 million gallons total and less than 90-days duration, no notice
is required. However, all dewatering projects must meet the conditions of Section 40E-20.301
F.A.C., which prohibit adverse impacts to environmental resources and off-site existing legal
water users.

4.4.8 National Pollution Discharge Elimination System (NPDES) Permits

The NPDES regulations for discharges are administered by the FDEP. The NPDES Generic
Permit for Stormwater Discharge (GCP) permitting program is administered in accordance with
Rule 62-621, F.A.C. and was authorized by Section 403.0885 F.A.C. Construction activities
associated with the EAA Reservoir A-1 Project will likely be permitted under the FDEP's
Generic Permit for Stormwater Discharge from Large and Small Construction Activities (GCP)
pursuant to Section 62-21.300(4)(a) F.A.C. This NPDES permit requires development of a
Stormwater Pollution Prevention Plan (SWPPP). The SWPPP identifies potential sources of
pollution that may affect the quality of storm water from the EAA Reservoir A-1 Project area
and outlines methods to reduce sediment runoff that may affect storm water quality (National
Environmental Technical Memorandum [NETM] 2005). In addition to the GCP, if any off-site
discharges will occur due to construction dewatering activities, coverage under the NPDES
General Permit for the Discharge of Produced Groundwater from any non-contaminated site
activity may be required pursuant to Section 62-621.300(2) F.A.C. Before discharge of produced
groundwater can occur, analytical tests on samples of the proposed discharge water shall be
performed to determine if contamination exists. Results from analytical tests must be compared
to the applicable criteria as identified in the GCP.
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4.4.9 Dam Safety Permit

The FDEP is responsible for the State of Florida Dam Safety Program; the water management
districts within the State are also authorized to regulate dams. The permitting process for
construction of dams within the State of Florida is found within Chapter 373 F.S. Additionally,
the Federa Emergency Management Agency (FEMA) has published a report titled Federal
Guidelines for Dam Safety (April 2004). The height and size of the proposed embankment
around the EAA Reservoir A-1 will determine which provisions apply.

4.5 LOCAL PERMITS

Local permitting authority for the EAA Reservoir A-1 Project resides with several Palm Beach
County Departments and Divisions. Primary coordination of local permit review will be
administered by the County’s Planning, Zoning and Building (PZB) Division. Following is alist
of County Departments and Divisions which will be involved in review of the EAA Reservoir
A-1 Project.

45.1 Palm Beach County Planning, Zoning & Building (PZB) Division —
Development Review

Under the Palm Beach County’s Development Review Procedures, the EAA Reservoir A-1
Project may be required to obtain zoning approva and a building permit prior to construction.
However, in discussions with County PZB Division staff, it was indicated that the County will
first review the EAA Reservoir A-1 Project to determineif it may be exempted from this process
under the provisions of the EFA, Section 373.4592 F.S. If not, the following reviews will be
conducted.

45.1.1 Palm Beach County Fire Rescue

As a component of building code compliance review, the EAA Reservoir A-1 Project will be
required to demonstrate compliance with County and NFPA Fire Codes regarding fire protection
facilities and emergency response capabilities.

45.1.2 Palm Beach County Health Department

The CPHU will be responsible for permitting any potable water or domestic waste facilities both
during the construction and post-construction phases of the EAA Reservoir A-1 Project. If
temporary sanitary facilities or holding tanks are required to temporarily support construction
personnel, these facilities will need to be permitted by the Pam Beach County Public Health
Unit (CPHU). If permanent potable water and domestic waste facilities are planned, these
facilities will require both construction and operation permits.

45.2 Palm Beach County Department of Environmental Resources
Management

45.2.1 Vegetation Preservation and Protection

Vegetation removal activities in Palm Beach County are regulated under Article 14C of the
Unified Land Development Code (ULD). In general, this ordinance requires a standard permit
for vegetation removal on non-residential projects of any size. However, a “de minimis
approval” may be available for projects involving removal of only invasive and nuisance species.
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Compliance review will be conducted by the Palm Beach County Department of Environmental
Resource Management (ERM).

45.2.2 Stormwater Pollution Prevention Permit - Ordinance No. 2004-050

Any project involving land disturbances greater than one acre in extent is required to comply
with the provisions of this ordinance. These include the same genera provisions as those of the
State Generic Permit for Large and Small Construction Projects, including the requirement for
SWPPP. In fact, a determination of compliance with this ordinance may be issued if a project is
demonstrated to be in compliance with all applicable stormwater management regulations of the
SFWMD and FDEP. Compliance review will be conducted by the Palm Beach County ERM.

45.2.3 Wellfield Protection - Article 14, Part B

The provisions of the Palm Beach County Wellfield Protection Ordinance are designed to
prevent the contamination of the County’s groundwater resources by regulated hazardous
substances. The EAA Reservoir A-1 Project will be required to demonstrate that the storage, use
and handling of hazardous substances during the EAA Reservoir A-1 Project will not have the
potential to cause contamination of County drinking water resources. During County review,
documentation of proper storage and containment facilities for hazardous chemicals to be used
on the EAA Reservoir A-1 Project must be furnished and emergency response plans developed
for the release of hazardous chemicals. Compliance review will be conducted by the County
ERM.

45.2.4 Petroleum Storage Tanks — Ordinance No. 2003-020

The above ordinance provides authority for local enforcement of Rules 62-761 and 62-762
F.A.C., for regulation of USTs and ASTSs, respectively. Under these state regulations, USTs with
greater than 110 gallons capacity and ASTs with greater than 550-gallon capacity are required to
follow all applicable engineering and performance standards for these systems. Under the terms
of the delegation agreement between the FDEP and Palm Beach County, the County will review
al plans for each regulated storage system and oversee the installation. Compliance review will
be conducted by the County ERM.
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Table4.1-1 EAA Reservoir A-1 Project Federal and State Permitting Requirements
Permit/Approval Regulated Activity Agency and Contact Authority 'ﬁrr)r?él?;]/:]*
FEDERAL PERMITTING REQUIREMENTS
U.S. Army Corps of Engineers
. . Ms. Tori White
Major Federal Action : . .
. South Permits Section Office, SESAJ-RD-SS
NEPA g\tﬁcr:g rr:r% g;](ta 4400 PGA Boulevard, Ste. 500 40 CFR Parts 1508 12-18 months
Palm Beach Gardens, FL 33410-2933
561-472-3517
U.S. Army Corps of Engineers
Ms. Tori White
Section 404 South Permits Section Office, Minimum 6
Fill of wetlands SESAJ-RD-SS Clean Water Act months
4400 PGA Boulevard, Ste. 500
Palm Beach Gardens, FL 33410-2933
561-472-3517
U.S. Army Corps of Engineers
Section 401- Ms. Tori White
Water Quality South Permits Section Office, Minimum 6
Certification Fill of Wetlands SESAJ-RD-SS Clean Water Act months
Refer to State/ 4400 PGA Boulevard, Ste. 500
Approvals Palm Beach Gardens, FL 33410-2933
561-472-3517
SPCC Plan Petroleum Storage EPA-Region 4 Clean Water Act M 'rg'orthrg 6
NPDES Florida Deparltarrnoe;netCt cin; rI]Enw ronmental
Refer ;\o S:zt\f:alF;ermlts Wastewater Discharge 2600 Blair Stone Rd, MS 3560 CWA 6-12 months
PP Tallahassee, FL 33399
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: . , Approval
Permit/Approval Regulated Activity Agency and Contact Authority Timeline*
Coastal Zone Florida Coastal Management Program Mini rr(;um 45-60
Management Department of Environmental Protection s
Consistency Development in Coastal Mail Station #47 Coastal Zone
County 3900 Commonwealth Boulevard Tallahassee, Management Act
Refer to State FL 32399-0250
Permits, Approvals 850- 245-2163
Florida Ecological Services Office
1339 20" Street
Vero Beach, FL 32960
772-562-3909
: FWC South Regional Wildlife Diversit .
Endangered Species Wildlife Impacts Ricardo zambrano ’ Endangered Species | 5 6 onths
Act Consultation . . . Act
Conservation Biologist
850-625-5122
FWC Imperiled Species Management/FWS
West Indian Manatee (Trichechus Manatus)
Mary Duncan, 850-922-4330
Cultural Resources Excavation State Historic Preservation Office National Historic 60 days
R.A. Gray Building Preservation Act
Refer to State Permits 500 Boronough Street
Approvals Tallahassee, FL 32399-0250
STATE PERMITTING REQUIREMENTS
Comprehensive Florida Department of Environmental '
Everglades . ' Ms. Temperance M. Morgan T|tIe XXVII
Restoration Plan Act Project Construction 2600 Blair Stone Rd., MS 3560 Section 373, 12-18 months
Regulation Act Tallahassee, FL 32399 373.1502 F.S.
850-245-8424
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: - , Approval
Permit/Approval Regulated Activity Agency and Contact Authority Timeline*
South Florida Water Management District
. . 3301 Gun Club Road
WEell Construction Wl Construction West Palm Beach, FL 33406 Rule40E-2, F.A.C. 60-90 days
(561) 686-8800
South Florida Water Management
Consumptive Water 3301 Gun Club Road
Use Water Use West Palm Beach, FL 33406 Rule40E-2, F.A.C. 60-90 days
(561) 686-8800
Michael Rippe, Director
Florida Deoartment Southwest Area Office
of Tran egrt aion Bridge and Road Florida Department of Transportation, District 1 | Section 40E-6.091, 60-90 davs
Acsgess Construction 2295 VictoriaAve, Ste#t 292 F.A.C. Yy
Ft. Myers, FL 33901
(863) 519-2628
. Florida Department of Environmental
Clean Air Protection, Division of Air Response
Construction (PSD) Pump Station ’ &P Section 62-210.300,
Clean Air Title V- Emissions Management FA.C 60-90 days
Operating Permit 2600 Blair Stone Rd, MS 3560 M
peraling Tallahassee, FL 32399-0250
Florida Department of Environmental
Petrol ‘;“ar:kforage Storage Tank Protection Rules 62-761, 62- 2.6 months
Installation 2600 Blair Stone Rd, MS 3560 762- F.A.C.
Tallahassee, FL 32399-0250
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: . , Approval
Permit/Approval Regulated Activity Agency and Contact Authority Timeline*
South Florida Water Management
. : 3301 Gun Club Road
Dewatering Dewatering West Palm Beach, FL 33406 Rule 40 E-20, F.A.C. 60-90 days
561-686-8800
DEP NPDES Stormwater Program
2600 Blair Stone Rd, MS 2500 Rule 62-621
NPDES Stormwater Tallahasses, FL 33399 EAC 6-9 months
850-245-7522
Florida Department of Environmental
Ms. Temperance M. Morgan Rule 62-621
NPDES Produced Groundwater 2600 Blair Stone Rd., MS 3560 FAC 6-9 months
Tallahassee, FL 32399 M
850-245-8424
Dam Safety Embankment Florida Department of Environmental Chapter 373 F.S. 3-6 months
Construction Protection
2600 Blair Stone Rd, MS 3560
Tallahassee, FL 33399
LOCAL PERMITTING REQUIREMENTS
Planning, Zoning, & Building Dept.
Development Review EAA Reservoir A-1 Zé\él)lg\i/il/ ieitgrgngf{/(\:/e
Building Permits Ancillary Facilities Suite 300 &y County Ordinance 3-6 months
Zoning Approval Royal Palm Beach, FL 33411
561-784-1300
Vegetation _— Environmental Resource Management
Preservation and EAA Reservo! r'A L Florida Department of Environmental
) Ancillary Facilities . :
Protection Construction _ Protection County Ordinance 3-6 months
Stormwater Pollution 2603_3%‘:; StoneII:?Ld,Sg/l g 93560
Prevention Permit ASSeE, 3
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Permit/Approval Regulated Activity Agency and Contact Authority %Frﬁé?xgj*

Wellfield Protection

Petroleum Storage
Tank

* From the date of permit application submittal.
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S. HYDROLOGY

5.1 DESIGN CRITERIA

The evaluation of the amount of freeboard necessary to prevent overtopping of the EAA
Reservoir A-1 during different wind and precipitation conditions is described in this section. The
design criteria for the determination of wind speed coincident with precipitation and the normal
pool level were summarized in the Design Criteria Memorandum 2 (DCM-2) (Haapala et. al.,
2005a). The first design condition evaluated was a 100-year wind in combination with the PMP
event. The 72-hour PMP for the EAA Reservoir A-1 was calculated to be about 54 inches (Burgi
et a., 2005). The second design condition includes rainfall that would occur during a 100-year
storm in combination with a category five hurricane. According to DCM-2, a one-minute wind
speed of 156 miles per hour (mph) should be used for this design condition. The third design
condition includes the probable maximum wind that, according to DCM-2, was 200 mph. This
200-mph wind speed was assumed to be an over-water, one-minute average wind speed. The
one-minute wind speed was converted to a one-hour average wind speed of 158 mph. According
to the DCM-2, the probable maximum wind condition should be used for sensitivity
identification and not as a selected design condition. The fourth design condition is based on
recorded data from hurricane Easy which occurred in Florida in 1950. A maximum three-second
gust wind speed of 125 mph was recorded during the hurricane. This wind speed was converted
using the procedures outlined in DCM-2 to an adjusted wind speed of 96 mph.

DCM-2 contains guidelines for developing the antecedent water depth at the start of the PMP
event (Case 1). It included a provision for a 30 percent PMP storm, which was followed by three
days of dry weather and then the PMP. The initial rain (30-percent PMP, 1.4 feet) is routed
during the three dry days to determine the initial water depth at the beginning of the PMP storm.
The entire EAA Reservoir A-1 30 percent PMP volume will be discharged during the three-day
dry interval, which equates to approximately 4,000 cfs over those three dry days. The design
inflow for STA-3/4 is 6,000 cfs, so the proposed releases of 4,000 cfs from EAA Reservoir A-1
is lower than the maximum design inflow of STA-3/4. With the addition of the 30 percent PMP
direct precipitation to STA-3/4 and the 30-percent PMP release from the EAA Reservoir A-1, the
depth in STA-3/4 would be less than the depth of the standard project storm of 36 inches
(SFWMD, 2004). As a result, it is not anticipated that releases from EAA Reservoir A-1,
including the discharge of 30 percent of the PMP over three dry days, will detrimentally impact
the STA-3/4. Therefore, the additional 30-percent PMP (1.4 feet) was not added to the WSE of
the EAA Reservoir A-1 when computing the EAA Reservoir A-1 depth to contain the PMP.

Considerations have also been given to storing water above the normal pool level of 12 feet in
the EAA Reservoir A-1 (Hall, 2005). Three scenarios were described where four, eight, and 12
feet of additional storage were added above the normal pool level. For each scenario, it was
assumed that the PMP would result from a hurricane or tropical storm and that operations
personnel would have at least three days warning before the storm’s arrival. This three-day
period would allow operations personnel to release sufficient water (additional 4, 8, or 12 feet)
prior to the advent of such a storm to return the water level in the EAA Reservoir A-1to its 12
foot design depth. For the four foot scenario, a discharge capability of 10,800 cfs over a 72-hour
emergency draw down period was required, while the eight and 12 foot scenarios would require
discharge capabilities of 21,500 cfs and 32,000 cfs, respectively. Discharge under any of these
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scenarios would overwhelm the capacity of the adjacent canals and STAs. The storage of
additional water over the normal pool level of 12 feet is not recommended. The increased depth
of water would increase seepage rates and impact the stability of the embankment. In addition,
significant cost increases would result from additional pumping capacity requirements for a
higher head (water level).

5.2 HAZARD CLASSIFICATION AND EMERGENCY EVACUATION REQUIREMENTS

The EAA Reservoir A-1 Embankment and Reservoir has been determined to be classified as
high hazard (maor impoundment), as specified in the Federal Energy Regulatory Commission’s
(FERC) Selecting and Accommodating Inflow Design Floods for Dams (FERC, 1993) and
Design Criteria Memorandum-1: Hazard Potential Classification (Haapala et a., 2005b)
guidelines. U.S. 27 carries a large traffic volume and will be located directly east of the EAA
Reservoir A-1 embankment. A direct loss of lifeisimminent if the embankment fails, especially
if the failure were to occur on the eastern side. The potential depth and velocity of a floodwave
across U.S. 27 is greater than 10 feet high a 10 feet per second from a PMP breach.
Furthermore, U.S. 27 is a hurricane evacuation route for residents of South Florida, so not only
isan EAA Reservoir A-1 embankment failure a direct threat to motorists, an embankment failure
would inhibit a major evacuation route for the surrounding population. See Section 24 for a
discussion regarding the Emergency Action Plan to be developed for the EAA Reservoir A-1.

5.3 DESIGN STORMS AND FLOODS

Four wind and precipitation design conditions to be used on Acceler8 projects were devel oped
and issued in draft form in DCM-2 (Haapala et a., 2005a). The design conditions that were
modeled are described below. Additional details on developing the wind speeds and water levels
to represent these design conditions are presented in Appendix 5-21, Wave Run-up Case
Descriptions.

5.3.1 100-Year Wind with Probable Maximum Precipitation

The first design condition evaluated was a 100-year wind in combination with the PMP event.
The 72-hour PMP for the EAA Reservoir A-1 was calculated to be about 54 inches (Appendix 5-
2). Hydrometeorological Reports (HMR) No. 36, 43, 49, 51, 52 and 55 were developed to
analyze data, and to provide logic and methodology for predicting the PMP for a given area
(between 10 and 20,000 sguare miles) within the United States (NOAA, 1978, 1982). HMR51
and HRM52 are used for determining the PMP east of the 105" Meridian, including the EAA
Reservoir A-1 site. The HMR52 computer program, developed by the USACE, automates the
calculations used to follow the procedures in HMR52. HMR52 recommends a procedure for
estimating the PMP in an area for which both a temporal and a spatial distribution of the
precipitation are required (USACE, 1984). Utilizing this program and the EAA Reservoir A-1
embankment footprint under consideration, a calculated value of 53.54 inches of rain for the
72-hour PMP was devel oped.

The procedure described in DCM-2, (Haapapa et a., 2005a) was followed to determine the
100-year wind for the EAA Reservoir A-1. According to Figure DCM-2-2, the 50-year, three
second wind gust for the EAA Reservoir A-1 site is 125 mph. This number was converted to a
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100-year one-hour wind speed of 107 mph. After adjustments for duration and overwater
conditions, the final wind speed to represent this design condition was calculated to be 103 mph.

5.3.2 Category Five Hurricane with 100-Year storm

The second design condition includes rainfall that would occur during a 100-year storm in
combination with a category five hurricane. According to DCM-2, a one-minute wind speed of
156 mph should be used for this design condition. After adjustments for duration, the final wind
speed to represent this design condition was 122 mph. Using Figure DCM-2-3 it was determined
that the appropriate rainfall for this condition is 17 inches at the EAA Reservoir A-1.

5.3.3 Probable Maximum Wind (200 mph)

The third design condition includes the probable maximum wind that, according to DCM-2, was
200 mph. The DCM-2 states the following about probable maximum wind condition:

[ The probable maximum wind...] isto be used for “sensitivity identification” and
not as a design condition. Wave models are unlikely capable of yielding results
within a degree of confidence for design for these extreme wind speeds,
especialy over relatively shallow water bodies. Even for 125-mph wind, model
capabilities are most likely being “stretched” for project conditions.

Therefore, this design condition was evaluated but was not selected as the critica design
condition used to size the embankment. This 200-mph wind speed was assumed to be an over-
water, one-minute average wind speed. The one-minute wind speed was converted to a one-hour
average wind speed of 161 mph. Using Equation 4 of DCM-2 and considering the fetch of the
EAA Reservoir A-1, the 161-mph wind speed was converted to 158 mph. It was assumed that
this wind would occur with the EAA Reservoir A-1 at the normal maximum operating level. The
norma maximum water level for the EAA Reservoir A-1 is expected to be about 12 feet. A
normal maximum operating level of 12 feet was used in the modeling.

5.34 Storm Specific Wind and Precipitation

The fourth design condition is based on recorded data from hurricane Easy which occurred in
Floridain 1950. A maximum three-second gust wind speed of 125 mph was recorded during the
hurricane. This wind speed was converted using the procedures outlined in DCM-2 to a fina
wind speed of 96 mph. During hurricane Easy, a peak 24-hour rainfall total of 38.7 inches was
recorded. For this design condition, a wind speed of 96 mph was applied to the EAA Reservoir
A-1 at awater depth of 15.2 feet. Because the wind speed and water depth for design condition
four are both less than those of design condition one, the required freeboard for this design
condition would be less than that required under design condition one. Therefore, this condition
received no further consideration.

54 EAA RESERVOIR A-1 INFLOWS AND OUTFLOWS
The EAA Reservoir A-1 has a norma maximum pool depth of approximately 12 feet or a
maximum WSE of 20.6 feet NAVD88. The average bottom elevation is 8.6 feet NAVD88.

54.1 Inflow Design Storm

The inflow design storm (IDF) for the EAA Reservoir A-1 will be the probable maximum flood
(PMF) as designated by DCM-2. Because the EAA Reservoir A-1 functions as an off-line
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reservoir and has no contributing watershed except for its surface area, the PMF is the PMP
depth of 4.5 feet distributed appropriately in time. To determine the maximum inflow, the
maximum precipitation rate is multiplied by the area of the EAA Reservoir A-1 site (inflow
pumps are assumed not to be operating at the time). Utilizing the results of the HMR52 model as
described in Appendix 5-1, the maximum inflow to EAA Reservoir A-1 from the 72-hour PMP
precipitation event would be approximately 288,000 cfs corresponding to a precipitation depth of
1.5 inches falling in five minutes across the entire EAA Reservoir A-1. Appendix 5-7 shows the
entire inflow hydrograph for each of the five PMP runs generated.

5.4.2 Routing of Flood Flows

Because the EAA Reservoir A-1 is perched on al sides and has no contributing watershed except
for the surface area of the EAA Reservoir A-1, there are no direct gravity inflows. The EAA
Reservoir A-1 will be fitted with severa gate structures capable of routing significant flood
flows. See Section 6 for detailed discussion regarding gate structures. During storm events, the
EAA Reservoir A-1 will be capable of passing flow to the downstream areas which include the
NNRC and Miami Canal and the STA-3/4 Supply Canal. However, as defined in DCM-2, during
the PMP event which is used, in part, to determine the maximum freeboard requirements, no
reservoir routing is assumed to take place while the PMP is occurring. It is anticipated that the
gates will be inoperable during the PMP making the gate routing irrelevant. In other words, the
EAA Reservoir A-1 must be designed to be capable of containing the full PMP/PMF storm
because reservoir routing is assumed to not be applicable.

DCM-2 guidance states that 30 percent of the PMP will fall followed by three dry days in which
reservoir routing can take place before the actual PMP event occurs (for freeboard
determination). As discussed in Section 5.1, this 30-percent PMP is completely routed via the
gate structures before the start of the PMP event.

An uncontrolled spillway capable of routing significant flood flows was considered for the EAA
Reservoir A-1. However, due to downstream limitations, detailed in Section 6, the selected EAA
Reservoir A-1 uncontrolled spillway configuration will have a negligible effect on flood routing
and Reservoir A-1drawdown during the Inflow Design Flood (IDF) event.

5.4.3 EAA Reservoir A-1 Discharges

Discharges from the EAA Reservoir A-1 will be based on expected environmental deliveries for
the EAA Reservoir A-1 and agricultural deliveries for the NNRC/Hillsboro Canal basin.
Discharge structures include gates that will be sized according to the flows released from the
EAA Reservoir A-1 per the SFWMD ECP 2010 and ECP 2015 (version 5.4.2) simulations. Gate
discharges will follow orifice flow principles and gate openings will be a function of the releases
from the EAA Reservoir A-1.

5.5 FREEBOARD/SUPERIORITY

Wave run-up modeling was conducted to determine the amount of freeboard required to prevent
over-topping of the EAA Reservoir A-1 embankment during high wind and rain conditions and
to determine the effectiveness of internal breakwaters in decreasing wave run-up. The
Automated Coastal Engineering System (ACES) model was used to conduct this analysis.
Details of the wave run-up modeling are provided in Appendices 5-16 and 5-17.
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In addition to the three design conditions modeled, two embankment types (zoned embankment
and RCC) were simulated as well as the effects of a perimeter bench. Characteristics for the
zoned embankment included 3H:1V side slopes and a rough surface. Roughness coefficients for
rip-rap were used in the modeling. Characteristics for the RCC dam included a vertical wall with
a smooth surface. In all cases it was assumed that the perimeter bench would have a 3H:1V slope
and arough surface. Bench widths of 25 feet and 15 feet were simulated.

Modeling conducted prior to the issuance of DCM-2 examined the effects of variations in fetch
distance, water depth, slope, and surface roughness on wave growth and run-up. The
effectiveness of internal breakwaters to reduce wave run-up and maximum water level was also
examined.

The ACES program was used to calculate wave growth, wave run-up, and wave transmission
over the perimeter bench. The ACES model does not calculate wind set-up and this was
calculated separately using the Sibul model (USACE, 2004). Additional information on the
model configuration, model calibration, verification, and reliability is provided in Appendices
5-16, 5-17, and 5-18.

55.1 Wave Characteristics

The wave growth section of the ACES model was used to identify the wave characteristics that
could occur under the design conditions. Wave growth is a function of the speed and duration of
winds, fetch distance, and water depth. The wave height and wave period increase with
increasing fetch, depth and wind speed. The effective depth was used to generate wave
characteristics including wave height. Wave heights are included on Table 5.5-1 and ranged
from 6.5 to 7.1 feet for the design conditions modeled. The other results presented in the table
are discussed in subsequent sections.

Table5.5-1 Wave Run-Up Results

Maximum
Wind Wave | Rainfall | Effective | Wave Wind Water Embankment
Speed | Height Depth Depth | Run-Up | Set-up Level Height
(mph)* | (feet) (feet) (feet) (feet) (feet) (feet) (feet)
Zoned Embankment, 3H:1V Slope, Rough Surface
103 6.65 4.5 16.5 6.0 2.1 24.6 25.5
122 6.53 14 13.4 6.1 3.6 23.1 24.0
158 7.06 0.0 12.0 6.7 7.0 25.7 275
RCC Dam, Vertical Slope, Smooth Surface
103 6.65 4.5 16.5 7.9 2.1 26.5 275
122 6.53 14 13.4 7.8 3.6 24.8 26.0
158 7.06 0.0 12.0 8.5 7.0 275 28.0

mph = miles per hour, Embankment Height is distance above original ground

5.5.2 wind Set-up

Wind set-up can be an important factor in determining freeboard requirements. Wind set-up
occurs when wind blows in arelatively constant direction over the water surface. Shear stresses
between the wind and water exert a drag on the water and push the water in the direction of the
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wind. When the water encounters a barrier such as a shoreline or embankment it piles up
resulting in deeper water at the shoreline. Wind set-up will increase until there is a balance
between the shear stresses on the water surface and a gravity induced return flow along the EAA
Reservoir A-1 bottom. Wind set-up is a function of wind speed, fetch, and water depth. Wind
set-up increases with wind speed and fetch but decreases with increasing water depth.

Wind set-up is not included in the ACES model. The Sibul model was used to calculate wind set-
up and the results were added to the wave run-up calculations. Wind set-up calculations were
made for each of the cases evaluated and results are included on Table 5.5-1 . Wind set-up
increases with increasing wind speed and fetch. Wind set-up decreases with increasing depth.
Wind set-up for the design conditions ranged from 2.1 to 7.0 feet.

55.3 Wave Run-up

The wave run-up section of the ACES model calculates the run-up that occurs when waves
encounter a shoreline or embankment. The required inputs include wave type, breaking criteria,
wave height, wave period, structure slope, structure height, slope type, and roughness coefficient.
This section of the model also calculates overtopping rates. The output calculated by the model
includes wave run-up, deepwater wave height, and wave steepness. Figure 5.5-1 indicates how
the wave run-up parameters are defined. Wave run-up (R) is measured from the still water level
as opposed to wave height (H), which is measured from trough to crest. The normal water level
isds and its embankment height is hs.

Figure 5.5-1 Definition of Wave Run-Up Parameters

(Leenknecht et al., 1992)
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The wave-run-up module of the ACES model was used to estimate wave run-up for each of the
design conditions evaluated. The results of the wave run-up computer modeling are presented in
Table5.5-1 . Thistable lists the wind speed, wave height, rainfall amount, effective depth, wave
run-up, wind set-up, and maximum water level. The maximum water level is the sum of the
effective depth, wind set-up and wave run-up. Figure 5.5-2 provides a graphic representation of
the elements included in the maximum water level.

Figure5.5-2 Elementsincluded in the Maximum Water Level

30

25+

20

Height Above Original 154
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554 Effects of Internal Breakwaters

Two configurations of internal breakwaters were evaluated; a peripheral wall located
approximately 0.5 mile inside of the embankment, and a circle breakwater in the middle of the
EAA Reservoir A-1 with several spokes radiating toward the embankments. The results of the
modeling indicated that the peripheral wall would allow reduction of the embankment height by
at least four to seven feet. The circle breakwater would not be as effective at reducing freeboard
and may reduce the embankment height by only about one foot. These structures would be very
large and would not be cost-effective. Details on the evaluation of the internal breakwaters are
presented in Appendix 5-16.

555 Effects of Perimeter Bench

Modeling was also conducted to determine the effectiveness of a perimeter bench on reducing
wave run-up, thereby, reducing freeboard requirements. A perimeter bench would require
significantly less material to construct than the internal breakwaters. Modeling conducted by the
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USACE for the C-43 Reservoir (Hadley, 2005) showed that a 25-foot wide perimeter bench
would break waves and could significantly reduce the required freeboard. The C-43 Reservoir
modeling showed that a bench submerged at a depth of three feet below the maximum surcharge
depth would reduce wave heights to about one third of the incident wave height and reduce wave
periods by about 10 percent.

The ACES model can not simulate the effects of a submerged bench. With the wind set-up, water
depth could be as high as 19 feet before adding wave run-up. For modeling purposes, the bench
was set at a depth of 19.05 feet. It is recognized that a bench at a lower depth, such as 16 feet,
would be just as effective. Modeling to optimize the bench depth, width and configuration will
be conducted during preliminary design.

The bench was simulated in the ACES program by first modeling the incident wave on an
impermeable breakwater with a height of 19 feet, a width of 25 or 15 feet, with 3H:1V side
slopes covered with rip-rap. The transmitted wave characteristics were then used as the wave
characteristics that would run-up on the embankment.

Results of the cases that include a 25 foot bench are presented in Table 5.5-2 . The bench has a
3H:1V dlope, awidth of 25 feet, and is 19 feet high, above original ground level. The transmitted
wave height and period describe the characteristics of the wave that would be running up on the
embankment. It is possible that the need for rip-rap covering the embankment could reduce the
width of the bench. Additional cases for a 15-feet wide bench for both the Zoned and RCC dams
were modeled and the results are presented in Table 5.5-3

A perimeter bench would be very effective in reducing wave run-up on the embankment. For the
two cases where the water depth is at the approximate height of the bench, the transmitted wave
is about one third the height of the incident wave. Thisis approximately the same ratio calculated
by the USACE in their modeling of the C-43 Reservoir. A submerged bench would also be
effective in breaking the incident wave and reducing wave run-up.

Table5.5-2 Resultsof Cases With a 25-Foot Bench

Wind Embankment Water Transmitted Wave Wave Maximum
. a )

(rggr&s Slope, Surface D((:g(tag Fé]%ggt ( S':g) ino gs) R(L:‘get l;p Wet\)tt(afrelét(;,vel

hour)
103 3H:1V, rough 18.6 2.27 4.6 2.6 21.6
122 3H:1V, rough 17.0 1.60 4.8 2.1 21.1
158 3H:1V, rough 19.0 2.55 5.2 3.0 22.0
103 vertical, smooth 18.6 2.27 4.6 25 215
122 vertical, smooth 17.0 1.60 4.8 1.8 20.8
158 vertical, smooth 19.0 2.55 52 2.9 21.9

a Water depth is the sum of the normal maximum level, rainfall, and the wind set-up
b: Wave run-up heights were added to the 19-foot bench depth
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Table5.5-3 Results of Caseswith a 15-Foot Bench

Wind Embankment Water Transmitted Wave Wave Maximum
. a )

(rggr&s Slope, Surface D(?gctath) Fé]%ggt ( S':g) ino gs) R(L:‘get l;p W%tge;(;.\/d

hour)
103 3H:1V, rough 18.6 2.27 4.6 29 21.9
122 3H:1V, rough 17.0 1.60 4.8 2.3 21.3
158 3H:1V, rough 19.0 2.55 5.2 34 22.4
103 vertical, smooth 18.6 2.27 4.6 3.0 22.0
122 vertical, smooth 17.0 1.60 4.8 2.1 211
158 vertical, smooth 19.0 2.55 52 34 224

a Water depth is the sum of the normal maximum level, rainfall, and the wind set-up
b: Wave run-up heights were added to the 19-foot bench depth

5.5.6 Overtopping Analysis

The ACES model was also used to calculate overtopping rates for the three design cases and both
embankment types. Overtopping rates were calculated in one-foot increments starting at the
Maximum Water Level and continuing until the overtopping rate was less than 0.1 cfs per lined
foot of embankment. According to DCM-2 (Haapala et al., 2005a), zero over-wash is defined as
0.1 cfs per lineal foot of embankment length for an exterior earthfill slope. The maximum water
level isthe sum of the effective depth, wind set-up and wave run-up. At thislevel there would be
no overtopping for a monochromatic wave field. An overtopping rate was not calculated (NC)
for any case where the embankment height was less than the maximum water level.

The overtopping analysis was conducted assuming irregular waves. This recognizes that wind
generated waves are not uniform and that a small percentage of waves will run-up higher onto
the embankment than the predicted height. Table 5.5-4 presents the overtopping analysis for the
embankments without a perimeter bench. Table 5.5-5 and Table 5.5-6 present the overtopping
analysis for embankments with a 25-foot wide and 15-foot wide perimeter bench, respectively.
Using the results of the overtopping analysis the required embankment height was determined
for each case. These results are included on Table 5.5-1.
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Table5.5-4 Results of Overtopping Analysis Cases Without a Bench (feet®/second/feet)

Embankment 158 miles per hour 122 miles per hour 103 miles per hour

Height (feet) Zoned RCC Zoned RCC Zoned RCC
24 NC! NC 0.09 NC NC NC
25 NC NC 0.27 0.15 NC
26 0.270 NC 0.104 0.001 NC
27 0.105 NC 0.041 0.146
28 0.037 0.027 0.060

INC - avalue was not calculated because the embankment height was less than the Maximum
Water Level
feet®/second/feet = cubic feet per second per linear foot

Table 5.5-5 Results of Overtopping Analysis Cases with a 25-Foot Wide Bench

(feet®/second/feet)
Embankment 158 miles per hour 122 miles per hour 103 mph
Height (ft) Zoned RCC Zoned RCC Zoned RCC
21 NC NC NC 0.08 NC NC
22 0.086 0.081 0.001 0.017 0.013

feet®/second/feet = cubic feet per second per linear foot

Table5.5-6 Results of Overtopping Analysis Caseswith a 15-Foot Wide Bench

(feet*/second/feet)
Embankment 158 miles per hour 122 miles per hour 103 miles per hour
Height (ft) Zoned RCC Zoned RCC Zoned RCC
22 NC NC 0.005 0.001 0.037 0.043
23 0.036 0.039 0.000 0.000 0.004 0.004

NC - avaue was not calculated because the embankment height was less than the Maximum
Water Level
feet®/second/feet = cubic feet per second per linear foot

55.7 Summary

Wave run-up modeling was conducted to determine the amount of freeboard required to prevent
over-topping of the EAA Reservoir A-1 embankment during high wind and rain conditions and
to determine the effectiveness of internal breakwaters in decreasing wave run-up. The available
freeboard should be sufficient to contain the EAA Reservoir A-1 at the maximum normal
operating level in addition to rainfall, wind set-up, and wave run-up that could occur. Wave run-
up modeling was conducted to simulate the design conditions specified in DCM-2.

Wave heights, wind set-up and wave run-up were calculated for each design condition and for
two embankment types. Wave heights for the design conditions ranged from 6.5 to 7.1 feet.
Wind set-up for the design conditions ranged from 2.1 to 7.0 feet. The wave run-up module of
the ACES model was used to estimate wave run-up for each of the design conditions evaluated.
The maximum water level is the sum of the effective depth, wind set-up and wave run-up. The
maximum water level ranges from 23.1 to 25.7 feet for the zoned embankment and from 24.8 to
27.5 feet for the RCC dam.
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Modeling was aso conducted to determine the effectiveness of a perimeter bench on wave run-
up thereby reducing the required freeboard. A perimeter bench would be very effective in
reducing wave run-up on the embankment. For modeling purposes, the bench was set at a depth
of 19.05 feet. For a 25-foot wide bench the maximum water level ranges from 21.1 to 22.0 feet
for the zoned embankment and from 20.8 to 21.9 feet for the RCC dam. For a 15 feet wide bench
the maximum water level ranges from 21.3 to 22.4 feet for the zoned embankment and from 21.8
to 22.4 feet for the RCC dam. A submerged bench would aso be effective in breaking the
incident wave and reducing wave run-up.

The embankment height should be set higher than the Maximum Water Level (MWL) to prevent
overtopping to account for the irregular nature of waves. Overtopping rates were calculated in
one foot increments starting at the MWL and continuing until the overtopping rate was less than
0.1 cfs per lineal foot. Without a perimeter bench, the embankment height would need to be
about 26 feet above the EAA Reservoir A-1 bottom for a zoned embankment and about 28 feet
above the EAA Reservoir A-1 bottom for an RCC dam to prevent overtopping. The overtopping
anaysis indicates that the embankment height can be significantly reduced with the addition of a
perimeter bench. With a perimeter bench, an embankment height of about 22 feet above the EAA
Reservoir A-1 bottom would prevent overtopping for both types of embankments.

The costs associated with these aternatives are discussed in Section 8.
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6. WATER STORAGE AND RESERVOIR OPTIMIZATION
6.1 INTRODUCTION

This Section of the BODR describes the methods used to determine environmental and
agricultural deliveries, EAA Reservoir A-1 seepage, flows in the seepage canals, water quality in
the EAA Reservoir A-1, and the water control structures (pump station, gates and spillway). This
introduction summarizes the more detailed discussions presented later in this Section.

6.1.1 Environmental and Agricultural Deliveries

The environmental deliveries via STA-3/4 and the specific agricultural deliveries to be supplied
by the EAA Reservoir A-1 were provided by the OoM, based on the SFWMM ECP 2010 and
ECP 2015 simulations (version 5.4.2). This is the same model (including version number) as the
ECP 2010 and 2015 runs for the Regional Feasibility Study. The conditions and assumptions of
the ECP 2010 and ECP 2015 simulations vary depending on land use and which Acceler8
projects are implemented. The environmental deliveries from the ECP 2015 simulation were
used to maximize the supply of these deliveries from the EAA Reservoir A-1 based on storage
capacity, while the ECP 2010 agricultural deliveries and other available flows were used from
the ECP 2010 simulation. Based on discussions with OoM and the EAA Reservoir A-1 Project
team, the environmental deliveries from the ECP 2015 simulation were distributed using a four-
day moving average over the POS, which resulted in lower peak environmental deliveries and
extended the deliveries over the POS. The POS was 1965 to 2000, or 36 years. The results of the
ECP 2015 simulation indicate that the average annual environmental delivery from the EAA
Reservoir A-1 via STA-3/4 is approximately 901,000 acre-feet, with a maximum of
2,256,000 acre-feet in water year 1970, and a minimum of 104,000 acre-feet in water year 1990.
The current average annual inflow into STA-3/4 is approximately 656,000 acre-feet (Piccone,
2005). The total delivery over the POS is approximately 31,788,000 acre-feet. These values are
the environmental calls simulated in the ECP 2015 run and not the deliveries supplied by the
EAA Reservoir A-1 using the WBM.

The results of the ECP 2010 simulation indicate that the average annual agricultural delivery
from the EAA Reservoir A-1 to the NNRC/Hillsboro Canal basin is approximately 129,000 acre-
feet, with a maximum of 215,000 acre-feet in water year 2000, and a minimum of 77,000 acre-
feet in water year 1969. The total delivery over the POS is approximately 4,756,000 acre-feet.
These values are the agricultural calls ssimulated in the ECP 2010 run and not the deliveries
supplied by the EAA Reservoir A-1 using the WBM.

6.1.2 Pump Station

A new pump station in the northeast corner of the EAA Reservoir A-1 is recommended to pump
water from the NNRC into the EAA Reservoir A-1. Ten aternatives were evaluated. The
recommended alternatives considers a new 3,600 cfs pump station and no modifications to
existing G-370 and G-372 pump stations. The existing G-370 and G-372 pump stations would
pump to an elevation 16.6 NAV D88 (8-foot water depth). The new pump station would pump to
the full 12-foot operating depth.

6.1.3 Gates

A series of discharge gates will be located along the NNRC to control flows back to the NNRC.
Another series of discharge gates will be located along the STA-3/4 Supply Cana to control
flows to STA-3/4. The culvert/gate structures will be fully submerged with inverts 10 feet below
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the bottom of the EAA Reservoir A-1. Each of the culvert/gate structures is a series of 10 foot x
10 foot culverts with roller gates on the external side of the embankment.

6.1.4 Spillway

An orifice type spillway is recommended to provide an uncontrolled discharge from the EAA
Reservoir A-1. The spillway will include a 55 foot long overflow welr that will pass
approximately 500 cfs at 2 foot of depth. The spillway will discharge to a’5.5 foot square culvert
that will function as an orifice to limit the flow to 650 cfs at 22 feet of head.

6.2 EAA RESERVOIR A-1 OPTIMIZATION

6.2.1 Characteristics

The site boundary of the EAA Reservoir A-1 was determined from aerial photography based on
the land acquired by the SFWMD. Some assumptions were necessary to develop a preliminary
stage/area/storage relationship for the EAA Reservoir A-1. They are asfollows:

A seepage canal will be required along the east and north boundaries and the northern
half of the west boundary. No seepage cana will be provided along the south
boundary and southern half of the west boundary where the embankment is adjacent
to the STA 3/4 supply canal.

The outside toe of the EAA Reservoir A-1 will begin approximately 425 feet in from
the site boundary aong the north boundary and along 4,600 feet on the north
Section of the west boundary. On the east boundary, the toe will begin approximately
275 feet west of U.S. 27, on the south boundary and the rest of the west boundary, the
toe will begin at the site boundary.

A 26-foot tall embankment (above original grade or OG) will be sufficient to meet the
volume, freeboard, and wave run-up requirements.

3H:1V side slopes with a top width of 14 feet will meet the stability requirements for
the EAA Reservoir A-1 embankment.

6.2.2 Modeling

A water balance analysis was performed for the EAA Reservoir A-1 to assess the hydrologic and
hydraulic components of the system. The analysis was performed with the water balance model
(WBM), which was developed to analyze the EAA Reservoir A-1's storage capacity and
operations on a daily basis (time step). The POS extends for 36 years from January 1, 1965 to
December 31, 2000.

The WBM was used to optimize the storage capacity of the EAA Reservoir A-1, while
evaluating the impacts on flows in the NNRC, Miami Canal, and the STA-3/4 Supply Canal. In
addition, the model was used to evaluate pump facility locations and the distribution of releases
from the EAA Reservoir A-1 for environmental and agricultural purposes.

The WBM includes the following hydrologic components:
Direct precipitation into the EAA Reservoir A-1 (P)
Inflow through pumps and weirs from the canals (1)
Outflow through weirs and culvertsinto the canas (O)
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Net evaporation from the EAA Reservoir A-1 surface (E)

Seepage losses ()
Changein storage in the EAA Reservoir A-1 (DS)

The basic water balance equationis: DS=P+ | - O - E - S. This equation accounts for
the change in storage in the EAA Reservoir A-1 based on inflows and outflows and is
applied to the WBM on adaily basis.

Seven different water balance models were developed to evaluate different conditions of water
sources and deliverables. The results from the fina model are described in this section on
Reservoir Optimization.

The final WBM evaluated for the EAA Reservoir A-1 used both SFWMM ECP 2010 and 2015
(version 5.4.2). The model includes the EAA Reservoir A-1 with the northeast pump station
pumping to 12 feet of EAA Reservoir A-1 depth at a rate of 3,600 cfs, and G-370 and G-372
pump stations not modified and pumping to 8 feet of EAA Reservoir A-1 depth at a rate of
2,340 cfsand 3,120 cfs, respectively. EAA Reservoir A-1 outflows to STA-3/4 have been capped
at 6,000 cfs to approximate the capacity of the facility’s intake structures. Model inflows,
evaporation outflows, and agricultural deliveries were obtained from the SFWMM ECP
2010 simulation and the environmental deliveries were obtained from the SFWMM ECP 2015
simulation. Results from the simulations were provided by the SFWMD’s OoM.

6.2.3 Inflow and Outflow Data

The main input parameters into the WBM include precipitation, EAA Reservoir A-1 Project
inflows and outflows, evaporation, and seepage. These parameters may be separated into Inflows
and Outflows of the EAA Reservoir A-1. Data on the parameters were provided by the OoM and
the USACE Interagency Modeling Center (IMC), based on simulations using the SFWMM.

The OoM provided the available flows in the NNRC and the Miami Canal, as well as the
required environmental and agricultural deliveries to be supplied by the EAA Reservoir A-1,
based on the SFWMM ECP 2015 and ECP 2010 simulations. The IMC provided evaporation and
precipitation data based on the inputs into the SFWMM.

Based on discussions with OoM and the EAA Reservoir A-1 Project team, the Data Storage
System (DSS) flow tags, listed in Table 6.2-1 and illustrated in Figure 6.2-1, were identified for
the SFWMM ECP 2010 and ECP 2015 version 5.4.2, simulations. The definition of each tag is
provided in Table 6.2-2.
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Table6.2-1 DSSFlow Tagsfor SFWMM ECP 2010 and ECP 2015 Simulations

Runoff Flows Miami Canal Basin NNRC Basin

Runoff to Lake Okeechobee S3PMP S2PMP

Runoff to EAA Reservoir A-1 | EARIN1 EARIN2

Runoff to STA-3/4 MIAST3 NNRST3

STA-3/4 By-pass ((ST3BYP)*MIAST3)/(MIAST3 | ((ST3BYP)*NNRST3)/(MIAST3+
+NNRST?3) NNRST3)

Available Flows from Lake LKRSM1 + 354RG + FLIMPM LKRSN1 + NNRCRG + FLIMPN

Okeechobee

Agricultural Deliveries SDMDLKMIA™+ EARMAL + SDMDLKNNRH" + EARNH1 +
EARMA?2 EARNH2 + EARWPB”™

Environmental Deliveries WCSHAW ™+ WCSAS+ EVBLSW™ + EVBLSS + EARA20** +

FLIMPM + FLIMPN
"Not aDSS tag

“Tag may only apply to the ECP 2015 simulation

Table6.2-2 Definitions of Tags

Tag Name Description

354RG L ake Okeechobee regulatory discharge via S354.

EARA20 Ouitflow from Compartment 2 of the EAA Reservoir A-1 and A-2 to WCA-2A via
STA-2 for environmental water supply purposes.

EARIN1 Inflow into Compartment 1 of the EAA Reservoir A-1 and Compartment 3 of the
EAA Reservoir A-1 and A-2 from the Miami Canal basin runoff.

EARIN2 Inflow into Compartment 1 of the EAA Reservoir A-1 and EAA Reservoir A-1 and
A-2 from the NNRC basin runoff.

EARMAL Outflow from Compartment 1 of the EAA Reservoir A-1 and Compartment 3 of the
EAA Reservoir A-1 and A-2 to meet the Miami Canal basin supplemental
agricultural deliveries.

EARMAZ2 Outflow from Compartment 1 of the EAA Reservoir A-1 and Compartment 3 of the
EAA Reservoir A-1 and A-2 to meet the Miami Canal basin supplemental
agricultural deliveries not met by EARMAL

EARNH1 Ouitflow from Compartment 1 of the EAA Reservoir A-1 and the EAA Reservoir A-
1 and A-2 to supply the NNRC/Hillsboro Canal basin supplemental agricultural
deliveries.

EARNH2 Ouitflow from Compartment 1 of the EAA Reservoir A-1 and the EAA Reservoir A-
1 and A-2 to supply the NNRC/Hillsboro Canal basin supplemental agricultural
deliveries not met by EARNHL1.

EARWPB Outflow from Compartment 1 of the EAA Reservoir A-1 and A-2 to supply the West
Palm Beach Canal basin supplemental agricultural deliveries.

EVBLSS Subsurface water outflow down to 1.5 feet below land surface from Compartment 2
of the EAA Reservoir A-1 and the EAA Reservoir A-1 and A-2 to WCA-3A via
STA-3/4 for environmental water supply purposes.

EVBLSW Subsurface water outflow down to 1.5 feet below land surface from Compartment 4
of the EAA Reservoir A-1 and A-2 to WCA-3A via STA-3/4 for environmental
water supply purposes.

FLIMPM Import Glades water met by L ake Okeechobee viathe Miami Canal through S-354.
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Tag Name Description

FLIMPN Import Glades water met by L ake Okeechobee viathe NNRC through S-351.

LKRSM1 Excess water from Lake Okeechobee viathe Miami Canal to Compartment 2 of the
EAA Reservoir A-1 and Compartment 4 of the EAA Reservoir A-1 and A-2.

LKRSN1 Excess water from Lake Okeechobee viathe NNRC to Compartment 2 of the EAA
Reservoir A-1, and the EAA Reservoir A-1 and A-2.

MIAST3 Runoff from Miami Canal basin, Chapter 298 F.A.C. Drainage District, S-236 basin,
and G-136 pump station to STA-3/4 through Miami Canal and G-372 pump station.

NNRCRG L ake Okeechaobee regulatory discharge viathe NNRC.

NNRST3 NNRC basin runoff routed to STA-3/4 through the NNRC and G-370 pump station.

S2PMP Backpumping of runoff from the NNRC/Hillsborough Canal basin to Lake
Okeechobee via S-2.

S3PMP Flow backpumped for flood control into Lake Okeechobee from the Miami Canal
basin.

SDMDLKMIA Supplemental agricultural deliveriesin the Miami Canal basin (including Sugar
Ranch) to be met by Lake Okeechobee.

SDMDLKNNRH  |Supplemental agricultural deliveriesin the NNRC/Hillsboro Canal Basin to be met
by L ake Okeechobee.

ST3BYP Volume of EAA runoff that bypasses STA-3/4 untreated into WCASs.

WCHAS Surface water outflow from Compartment 2 of the EAA Reservoir A-1 and the EAA
Reservoir A-1 and A-2 to WCA-3A via STA-3/4 for environmental water supply
purposes.

WCHAW Surface water outflow from Compartment 4 of the EAA Reservoir A-1 and A-2 to
WCA-3A via STA-3/4 for environmental water supply purposes.

Note:

STA = Stormwater Treatment Area, WCA = Water Conservation Area, EAA = Everglades Agricultural
Area, NNRC = North New River Cand
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Figure6.2-1 Data Storage System (DSS) Flow Tags

LAKE OKEECHOBEE

BOLLES CANAL
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NOTE: _
Period of Simulation (POS): 1/1/1965 - 12/31/2000

6.2.4 Inflow

EAA Reservoir A-1 inflows in the WBM consist of flows from the NNRC, STA-3/4 Supply
Canal west, seepage collection canals, and precipitation. A description of each inflow is provided
below.
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NNRC Inflow that is available from the NNRC. This value includes runoff flows,
Lake Okeechobee releases and Lake Okeechobee pump backs, based on the OoM
ECP 2010 simulation. The available flow from the NNRC is equal to:

Available Flow from the NNRC = S2PMP + EARIN2 + NNRST3 +
((ST3BYP)* NNRST3)/(MIAST3+NNRST3) + (LKRSN1 + NNRCRG + FLIMPN)

Based on the ECP 2010 simulation, the average yearly available flow in the NNRC
over the POS is approximately 379,000 acre-feet, with a maximum of 640,000 acre-
feet in water year 1980, and a minimum of 131,217 acre-feet in water year 1989.

Based on the WBM, the average yearly inflow into the EAA Reservoir A-1 from the
NNRC over the POS is approximately 362,000 acre-feet, with a maximum of 640,198
acre-feet in water year 1980 and a minimum of 129,000 acre-feet in water year 1989.

Miami Canal Inflow is the flow from the Miami Canal. This includes runoff flows,
Lake Okeechobee releases, and Lake Okeechobee pump backs based on the OoM
ECP 2010 simulation. The available flow from the Miami Canal is equal to:

Available Flow from the Miami Canal = S3PMP + EARIN1 + MIAST3 +
((ST3BYP) * MIAST3)/(MIAST3+NNRST3) + (LKRSM1 + 354RG + FLIMPM)

Based on the ECP 2010 simulation, the average yearly available flow in the Miami
Canal over the POS is approximately 499,000 acre-feet, with a maximum of
889,000 acre-feet in 1970 and a minimum of 123,000 acre-feet in 1990.

Based on the WBM, the average yearly inflow into the EAA Reservoir A-1 from the
Miami Canal over the POS is approximately 372,000 acre-feet, with a maximum of
838,000 acre-feet in water year 1970 and a minimum of 40,166 acre-feet in water
year 1982.

Collected Seepage is the seepage flows from the EAA Reservoir A-1 collected in the
seepage canals. Based on the seepage analysis work performed during the Test Cells
Program, the collected seepage was found to be a function of the EAA Reservoir A-1
water depth and seepage reduction aternative selected. For a scenario with an
embankment that includes a 34 foot deep seepage cutoff wall and a 20 foot deep
seepage canal, the collected seepage may be approximated with the polynomial
equation:

Collected Seepage = 0.0012x% — 0.0464x + 1.0752
Where:

- Collected Seepage is expressed as the percentage of the total seepage from the EAA
Reservoir A-1 collected by the seepage canals, and
- X isthe EAA Reservoir A-1 water depth in feet.

Precipitation is the mean daily precipitation data provided by the IMC, based on the
inputs into the SFWMM. Precipitation inputs were for the 10 cells that encompass the
EAA Reservoir A-1 footprint. Inflow data was based on actual precipitation values
for the POS. The average value of al 10 cells for each day in the POS was used as
input data for the WBM. The average yearly precipitation over the POS is

BLACK & VEATCH 6- 10 WATER STORAGE AND RESERVOIR OPTIMIZATION



EAA Reservoir A-1 Basisof Design Report January, 2006

approximately 51 inches, with a maximum of 68.0 inches in water year 1970 and a
minimum of 40.4 inches in water year 1971.

6.2.5 Outflow

EAA Reservoir A-1 outflows in the WBM consist of evaporation, seepage, environmental
deliveries, agricultural deliveries, and excess volume outflows. A description of each outflow is
provided below.

Evaporation — Mean daily evapotranspiration (ET) data (for the POS) for the 10 cells
that encompass the EAA Reservoir A-1 footprint were provided by the IMC, based on
the inputs into the SFWMM. The ET data used in the SFWMM were compared to
historical direct evaporation data. Historical evaporation data were downloaded from
the SFWMD’s hydrometeorologic, water quality, and hydrogeologic data retrieval
system known as DBHY DRO for the area in the vicinity of the EAA Reservoir A-1.
The data provided by DBHYDRO is pan evaporation. A commonly accepted
conversion of pan evaporation to actual evaporation is 70 percent of the pan
evaporation equals actual evaporation. Using this conversion, a comparison of the ET
data used in the SFWMM to actual evaporation data revealed little difference between
the two values. As a result, the average value of the ET data from all 10 cells was
used as the evaporation data for the WBM. The average yearly ET over the POS is
approximately 44 inches, with a maximum value of 49.2 inches in water year 1967
and a minimum value of 36.7 inchesin water year 1974.

Seepage — Total seepage from the EAA Reservoir A-1, as estimated by the seepage
analysis work performed by Black & Veatch during the Test Cells Program. The total
seepage varies with the EAA Reservoir A-1 water depth and depends on the seepage
reduction aternative selected. For a scenario with an embankment that includes a
30 foot deep seepage cutoff wall and a 20 foot deep seepage canal, the total seepage
may be approximated with the linear equation:

Total Seepage = 25.951x
Where:
Total Seepage isthe total seepage from the EAA Reservoir A-1 Project in cfs.
x isthe EAA Reservoir A-1 Project water depth in feet.

Environmental Deliveries — Environmental deliveries required from the EAA
Reservoir A-1 Project to meet a specific environmental allocation in the Everglades
via STA-3/4. Environmental deliveries data were provided by the OoM, based on the
ECP 2015 simulation. The environmental deliveries are equal to:

Environmental Deliveries = WCHAW + WCHAS+ EVBLSW + EVBLSS+ FLIMPM +
FLIMPN + EARA20

Agricultural Deliveries — Specific agricultural deliveriesin the EAA to be supplied by
the EAA Reservoir A-1 Project. Agricultural deliveries data were provided by the
OoM, based on the ECP 2010 simulation. The agricultural deliveries are equal to:

Agricultural Deliveries= SDMDLKMIA + EARMAL + EARMA2 + SDMDLKNNRH
+ EARNH1 + EARNH2
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For the water balance analysis, it was assumed that the EAA Reservoir A-1 Project would supply
the environmental deliveries with the storage available before supplying the agricultura
deliveries, and after accounting for evaporation and seepage losses. In addition, it was assumed
that during EAA Reservoir A-1 stages at or below the minimum WSE of 0.5 ft., the available
flows in the canals would be used to increase the EAA Reservoir A-1 water level over the
minimum WSE, before supplying any of the deliveries.

Excess Volume Outflows — Flows discharged from the EAA Reservoir A-1 Project
when full and inflows are greater than outflows. These flows are released to maintain
the maximum WSE of the EAA Reservoir A-1.

6.2.6 EAA Reservoir A-1 Performance, Sizing and Yield

The EAA Reservoir A-1 provides a storage capacity of 190,551 acre-feet at a water depth of 12
feet. The EAA Reservoir A-1 footprint is 15,833 acres. As mentioned in the previous section, the
EAA Reservoir A-1 includes a 26-foot tall embankment and 3H:1V side slopes.

Releases from the EAA Reservoir A-1 include environmental deliveries via STA-3/4 and
agricultural deliveries for the NNRC/Hillsboro Canal basin. The ECP 2010 and ECP 2015
version 5.4.2 runs simulate the amount of flow required from the EAA Reservoir A-1 on adaily
basis to supply the environmental deliveries and the agricultural deliveries, respectively.

To assess the performance of the EAA Reservoir A-1, it was necessary to determine how the
EAA Reservoir A-1 would operate during a typical dry, average, and wet water year. An
assessment was made using the available rainfall data from 1 January 1965 to 31 December
2000 to determine the typical dry, average, and wet water year for the EAA Reservoir A-1. The
data used were the dally average rainfall over the 10 model cells that smulate the EAA
Reservoir A-1 footprint, in the SFWMM. The assessment was based on water years, which run
from October 1st to September 30th (i.e. water year 1970 runs from October 1, 1969 to October
30, 1970). The available data cover a period of 36 water years.

For each of these water years the sum of the daily rainfall was calculated to give the yearly
rainfall. A graph showing the distribution of the yearly rainfal is provided in Figure 6.2-2. Based
on this analysis, the mean yearly rainfall and the standard deviation of the yearly rainfall were
calculated. Each water year was then categorized as “Wet,” “Average’ or “Dry” based on the
following assumptions:

A wet year is more than one standard deviation above the mean rainfall
An average year iswithin one standard deviation of the mean rainfall

A dry year is more than one standard deviation below the mean rainfall

BLACK & VEATCH 6- 12 WATER STORAGE AND RESERVOIR OPTIMIZATION



EAA Reservoir A-1 Basis of Design Report

January, 2006

Figure6.2-2 Distribution of Yearly Rainfall
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Table 6.2-3 summarizes how the datais distributed between dry, average and wet years based on

these assumptions.

Table6.2-3 Summary of Yearly Rainfall Analysis

Category Total Number of Years
Wet year 6

Average year 25
Dry year 4

It was then necessary to choose one year in each category to best represent the historical data.
The final choice of year was engineering judgment, based on the investigation of severd
properties of each of the years. These were as follows:

Rainfall data was summed over 2-year, 5-year, and 10-year periods to identify rainfall
trends that extended beyond one year. It was generally found that even during a dry
year the quantity of rainfall during the wet season was sufficient to refill the EAA
Reservoir A-1. Therefore, weather trends of greater duration will have negligible
effect on operation of the EAA Reservoir A-1. With this in mind, it was valid to
consider each year in isolation.
A summary of the number of years during which environmental and agricultural
deliveries were met was performed. The analysis was based on the WBM EAA-
A1 2015 Envtl.xls. Table 6.2-4 summarizes the results of this analysis.

BLACK & VEATCH

6- 13

WATER STORAGE AND RESERVOIR OPTIMIZATION




EAA Reservoir A-1 Basisof Design Report January, 2006

Table6.2-4 Summary of Demands Met with Years Categorized asWet, Dry or Average

Agricultural Environmental Environmental
DeliveriesNot Met | Deliveries Not Met Deliveries Met,
Agricultural
Deliveries Not M et
No. of | No. of Per centage Per centage Per centage
Y ear Years | Days | Days | of Days Days of Days Days of Days
All Dry
Y ears 4 1460 | 201 14 161 11 3 0
1971 1 365 110 30 105 29 0 0
All
Average
Y ears 25 9125 | 1171 13 1448 16 45 0
1992 1 366 41 11 65 18 2 1
All Wet
Years 6 2190 | 141 6 300 14 5 0
1978 1 365 0 0 1 0 0 0

The “Dry” water year would have the greatest percentage of deliveries not met among the other
dry years. The “Average” water year would have the percentage of deliveries met close to the
values for the other average years. The “Wet” water year would have the smallest percentage of
deliveries not met among the other wet years. Based on this assessment, the following years were
chosen to best represent the general trends during a“Dry,” “Average,” and a“Wet” water year:

Dry year = 1971
Average year = 1992
Wet year = 1978

Based on the ECP 2015 run, the average annual environmental delivery supplied by the EAA
Reservoir A-1 via STA-3/4, as determined for the deliveries by the WBM, is approximately
685,000 acre-feet, with a maximum of 1,487,000 acre-feet in water year 1983 and a minimum of
104,000 acre-feet in water year 1990. The current average annua inflow into STA-3/4 is
approximately 656,000 acre-feet (Piccone, 2005). The total deliveries over the POS are
approximately 24,213,000 acre-feet.

Based on the ECP 2010 run, the average annua agricultural delivery supplied by the EAA
Reservoir A-1, as determined for the deliveries by the WBM, is 84,000 acre-feet, with a
maximum of 160,000 acre-feet in water year 1985 and a minimum of 19,000 acre-feet in water
year 1970. Thetotal deliveries over the POS are approximately 3,073,000 acre-feet.

The EAA Reservoir A-1 yield is defined as the sum of the environmental and agricultural
deliveries supplied by the EAA Reservoir A-1. The average annual yield of the EAA Reservoir
A-1 is approximately 769,000 acre-feet, with a maximum of 1,538,000 acre-feet in water year
1983 and a minimum of 207,000 acre-feet in water year 1971. The total yield over the POS is
approximately 26,900,000 acre-feet.
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Figure 6.2-3 illustrates the average annual inflows and outflows of the EAA Reservoir A-1. In
addition, Figures 6.2-4 through 6.2-6 illustrate the EAA Reservoir A-1 operations for the
selected “Average’ and “Wet” water years, and for the “Dry” period of water years 1971 to
1972. The performance of the EAA Reservoir A-1 for the selected “Dry”, “Average”, and “Wet”
water years is provided in Table 6.2-5 and the mass balance for each of the selected years is
provided in Table 6.2-6.

Table6.2-5 Summary of DeliveriesMet With Years Categorized as Dry, Average, or Wet

1971 1992 1978
"Dry" " Average" "Wet" Complete
Y ear Y ear Y ear POS

EAA Reservoir NNRC_: inflow, acre-feet 179,165 470,155 346,118 | 12,906,675
A-1 Inflows Miami Canal inflow, acre-feet 227,050 529,297 233,841 | 13,229,975
Precipitation, acre-feet 53,443 71,879 78,144 2,423,429

Environmental deliveries, acre-
feet 123,023 857,780 624,402 | 22,518,200
EAA Reservoir Agricultgral deliveries, acre-feet 74,451 103,491 80,440 3,073,453
A-1 Outflows Evaporation, acre-feet 59,730 62,708 52,156 2,081,752
Seepage, acre-feet 22,687 10,913 30,567 639,218

Excess volume outflows, acre-
feet 12,599 0 0 185,494
EAA Reservoir | Start of year, acre-feet 7,827 7,827 188,775 0
A-1Volumes End of year, acre-feet 174,995 44,266 59,313 62,451

Environmental deliveries, acre-
feet 360,492 1,243,166 772,530 | 31,778,063

Environmental deliveries
supplied by canals, acre-feet 9,438 71,506 148,079 1,694,324
Deliveries Percentage of environmental
deliveries met 37 percent 75 percent | 100 percent 76 percent
Agricultural deliveries, acre-feet 176,933 126,313 80,440 4,755,705
Percentage of agricultural

deliveries met 42 percent 82 percent | 100 percent 65 percent

-During a Wet year, less environmental and agricultural deliveries are required from the EAA Reservoir A-1 (not
including the environmental deliveries supplied by canals), resulting in higher water levels in the reservoir.
Therefore, less canal inflows go into the reservoir and seepage from the reservoir increases.

-Tota environmental deliveries supplied by the system include environmental deliveries from the EAA Reservoir A-
1 and environmental deliveries supplied by canals.

-Dry, Average, and Wet years are based on the rainfall analysis discussed in Section 6.2.6, and not the available
flows, environmental, and agricultural deliveries simulated in the ECP runs.

-EAA Reservoir A-1 volume at the minimum water depth of 0.5 feet is 7,827 acre-feet.
-Average annual values areillustrated in Figure 6.2-3.
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Figure6.2-3 Average Annual Inflows and Outflows of the EAA Reservoir A-1
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Figure6.2-4 EAA Reservoir Operation during an “Average’ Water Y ear

Example of Typical EAA Reservoir A-1 Operation During an "Average" Water Year
(October 1, 1991 to September 30, 1992)
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Figure6.2-5 EAA Reservoir Operation during a“Wet” Water Year
Example of Typical EAA Reservoir A-1 Operation During a "Wet" Water Year
(October 1, 1977 to September 30, 1978)
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Figure6.2-6 EAA Reservoir Operation duringthe“Dry” Water Year

Example of Typical EAA Reservoir A-1 Operation During a "Dry" Water Year Period
(October 1, 1970 to September 30, 1972)
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Table6.2-6 MassBalancefor Selected Water Years
1971 1992 1978
"Dry" " Average" "Wet" Complete
Y ear Y ear Y ear POS
Initial EAA Reservoir A-1 volume, acre-
feet 7,827 7,827 188,775 0
Total EAA Reservoir A-1 inflow, acre-feet 459,658 1,071,331 658,103 | 28,560,079
Total volumein, acre-feet 467,486 1,079,159 846,878 | 28,560,079
Total outflow, acre-feet 292,491 1,034,892 787,565 | 28,498,116
Final EAA Reservoir A-1 volume, acre-feet 174,995 44,266 59,313 62,451
Total volume out, acre-feet 467,485 | 1,079,159 846,879 | 28,560,567

-During a Wet year, less environmental and agricultural deliveries are required from the EAA Reservoir A-1 (not
including the environmental deliveries supplied by canals), resulting in higher water levels in the reservoir.
Therefore, less canal inflows go into the reservoir and seepage from the reservoir increases.

-EAA Reservoir A-1 volume at the minimum water depth of 0.5 feet is 7,827 acre-feet.

The WBM also shows that the EAA Reservoir A-1 is full 133 days over the POS. The EAA
Reservoir A-1 is able to supply 76.2 percent of the environmental deliveries by volume from the
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ECP 2015 simulation and 64.6 percent of the agricultural deliveries by volume from the ECP
2010 simulation. These values assume the following EAA Reservoir A-1 conditions:

The EAA Reservoir A-1 starts empty and attempts to meet 100 percent of the
environmental deliveries via STA-3/4 and only agricultural deliveries for the
NNRC/Hillshoro Canal basin.

Attempt to capturel00 percent of the available flows in the NNRC, Miami Canal, and
seepage canals for inflow into the EAA Reservoir A-1.

An EAA Reservoir A-1 minimum depth of 0.5 foot, below which flows to STA-3/4
and agricultural deliveries cannot be supplied

Northeast pump station pumps to 12 feet of EAA Reservoir A-1 depth at a rate of
3,600 cfs.

Pump stations G-370 and G-372 are not modified and pump to 8 feet of EAA
Reservoir A-1 water depth at arate of up to 2,340 cfs and 3,120 cfs, respectively

EAA Reservoir A-1 outflows to STA-3/4 are capped at 6,000 cfs, the rated capacity
of the STA-3/4 inflow structures.

The results of the WBM run are shown on Figures 6.2-7 through 6.2-16.
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Figure6.2-7 Water Balance M odel
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Figure6.2-8 Storagevs. Time
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Figure6.2-10 NNRC Flowsvs. Time
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Figure 6.2-12 Environmental Deliveries and Environmental DeliveriesMet vs. Time
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Figure 6.2-16 Stage and Water Depth vs. Percentage Greater from POS
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6.3 ENVIRONMENTAL AND AGRICULTURAL DELIVERIES

The environmental calls and the specific agricultural calls via STA-3/4 to be supplied by the
EAA Reservoir A-1 were provided by the OoM, based on the ECP 2010 and ECP 2015 version
5.4.2. simulations. The calls smulated by OoM are different than the deliveries determined by
the WBM.

Environmental deliveries are the flows from the EAA Reservoir A-1 via STA-3/4 intended to
meet a specific environmental delivery in the Everglades. Based on the ECP 2015 simulation, the
environmental deliveries are equal to:

Environmental Deliveries= WCHAW + WCHAS+ EVBLSW + EVBLSS+ FLIMPM + FLIMPN
+ EARA20

Agricultural deliveries are the specific agricultural deliveries in the EAA to be supplied by the
EAA Reservoir A-1. The agriculture deliveries are equal to:

Agricultural Deliveries= SDMDLKMIA + EARMA1 + EARMA2 + SDMDLKNNRH +
EARNH1 + EARNH2

The results of the ECP 2015 simulation from OoM indicate that the average annual
environmental calls from the EAA Reservoir A-1 via STA-3/4 is approximately 901,000 acre-
feet, with a maximum of 2,256,000 acre-feet in water year 1970 and a minimum of 104,000 acre-
feet in water year 1990. The current average annua inflow into STA-3/4 is approximately
656,000 acre-feet (Piccone, 2005). The total required delivery over the POS is approximately
31,800,000 acre-feet.

The results of the ECP 2010 simulation indicate that the average annual agricultural calls from
the EAA Reservoir A-1 to the NNRC/Hillsboro Cana basin is approximately 129,000 acre-feet,
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with a maximum of 215,000 acre-feet in water year 2000 and a minimum of 77,000 acre-feet in
water year 1969. The total required delivery over the POS is approximately 4,800,000 acre-feet.

6.4 WATER QUALITY

6.4.1 Model Description

The DMSTA was developed by Dr. Bill Walker and Dr. Bob Kadlec under contract with the DOI
and the USACE to support the design of wetlands in STAs, which are capable of removing
phosphorus from stormwater runoff from the EAA and Lake Okeechobee releases. DMSTA
simulates daily water and mass balances in a user-defined series of wetland treatment cells
(Continuous Stirred Tank Reactors), each with specified morphometry, hydraulics, and
phosphorus cycling parameters.

Water-balance terms for each cell include inflow, bypass, rainfall, ET, outflow, and seepage in
and out of a cell. Parameter estimates for the phosphorus cycling model were developed for
various vegetation types. The model is coded in visua basic for applications; the user interfaceis
aMicrosoft Excel workbook.

Compared with typical marsh treatment areas in the STAs, CERP storage EAA reservoir designs,
such as the EAA Reservoir A-1, tend to have greater mean depths, greater variations in depth,
and longer water residence times. These factors can be expected to have significant effects on
vegetation communities, phosphorus dynamics, and model calibrations. Currently, STAs are
operated at a static water depth of 1.2 to 1.5 feet. Deteriorations in vegetation integrity and
performance have been observed in cells with prolonged water depths exceeding 2.5 to 3 feet.
Current designs for CERP storage EAA reservoirs have maximum depths ranging from 6 to 12
feet. The expected maximum operating depth for the EAA Reservoir A-1 is 12 feet. The EAA
Reservoir A-1 embankment will be designed to store the PMP and to accommodate wave run-up
above the 12-foot operating depth.

6.4.2 DMSTA2 Results
6.4.2.1 Phosphorus

To predict phosphorus levels in the EAA Reservoir A-1 with DMSTA2, time series of inflows
and outflows to the EAA Reservoir A-1 were imported from an OoM ECP 2010 model for the
simulation period 1965 to 2000. Inflows included available flows from the NNRC at G-370 and
NE pump stations; available flows from the Miami Canal at G-372 pump station; and historic
rainfall data corresponding to each year of the ssmulation period.

Outflows included releases to environmental and agricultural areas and simulated ET,
corresponding to each year of the ssimulation period, seepage, and any discharges when the water
level exceeds the expected operating depth of 12 feet.

The 1965 to 2000 time series of phosphorus concentrations associated with the NNRC and the
Miami Canal was based on monthly average concentrations developed by Burns & McDonnell
as part of the Regional Feasibility Study (under contract to ADA Engineering, Inc.).

The times series described above were imported to DMSTA2, which produced continuous daily
simulations of water and phosphorus mass balances over the long-term simulation period.

DMSTAZ2 predicted that for the period of simulation, 76 percent of the total phosphorus loading
came from the two canals, while only three percent and 21 percent were from rainfall and
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recycled seepage, respectively. Of the total phosphorus load leaving the EAA Reservoir A-1,
32 percent and 27 percent was released to meet environmental and agricultural deliveries,
respectively. Another 32 percent of the total |oad release was from seepage, although 75 percent
of the seepage released was recycled back to the EAA Reservoir A-1. The flow weighted
average concentration of phosphorus in the releases was 68 parts per billion (ppb) during the
simulation period compared to an average of 82 ppb associated with the inflows.

The difference between the phosphorus inflow loading and outflow loading is the amount of
phosphorus deposited in the EAA Reservoir A-1 sediments. If the amount of deposited sediments
is subtracted from the average annual total loading from the canals, the EAA Reservoir A-1 is
estimated to achieve an average 17 percent reduction in the phosphorus loading from the canals.

Figure6.4-1 is a summary of the phosphorus mass balance for the simulation period. The
Table also includes predicted mass balances for 1983, one of the years of highest phosphorus
loading, and for 1975, one of the years of lowest phosphorus loading. It should be noted that
since the EAA Reservoir A-1 does not currently exist, the previously described results are
predictions of phosphorus if the EAA Reservoir A-1 had been in place, assuming historic
meteorological conditions and the future operational strategy incorporated in the ECP
2010 model.

Table6.4-1 PhosphorusMass Balance

Inflow X 1983 X 1975 X 1965-2000
10° kg P per year 10° kg P per year 10° kg P per year
Canals 98.2 21.2 49.6
Rainfall 2.1 2.1 2.1
Seepage Recycle 16.3 11.2 135
Total 116.6 34.5 65.2
Outflow
Agriculturdl 20.3 8.8 15.1
deliveries
Environmental 57.4 0.6 183
deliveries
Seepage 21.8 14.9 8.3
Discharges 8.2 3.0 54
Total 107.7 27.3 56.7
Deposition 8.9 7.2 8.5
Reduction 9 percent 34 percent 17 percent
Reduction- 13 percent
Conservative Case - -

DMSTA2 has the capability to provide “conservative” simulations compared to the “base”
simulations previously described. The conservative ssmulation uses a phosphorus renewal rate
(k) that is the lowest 10 percentile of the calibrated k values. The conservative simulation
indicated a 13 percent reduction in phosphorus for the simulation period compared to a 17
percent reduction for the base simulation.
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6.4.2.2 Algae and Dissolved Oxygen

Given the highly variable water depths in the EAA Reservoir A-1 over an annual cycle,
phytoplankton (single cell algae) is expected to be the predominate form of algae. The algae
growth in the EAA Reservoir A-1 may be desirable because algae help remove phosphorus. Any
potential growth of phytoplankton is not expected to interfere with the operation of EAA
Reservoir A-1 gate structures or pumps. There is the potentia for growth of blue-green algae in
the reservoir. Blue-green algae can have excessive growth when conditions are right, such as
when high nutrient concentrations exist and when waters are warm and calm. Florida, as well as
other states (e.g., Michigan, Oregon, and Virginia) experienced blue-green algae blooms in the
summer of 2005. If conditions are right in the waters of the EAA Reservoir A-1, blue-green
algae blooms could occur. (See http://www.sfwmd.gov/site/index.php?id=611 for further
information.)

Wind energy should be sufficient to keep the normally shallow water vertically well-mixed
resulting in dissolved oxygen near saturation concentration most of the time.

6.4.3 Other Water Quality Constituents

The Project Implementation Report (PIR, 2005) identified the other water quality parameters that
could be constituents of concern and the potential removal percentage for them in the reservoir.
These are summarized in Table 6.4-2.

Table 6.4-2. Predicted Effluent Concentrations (C) For 14 Constituents Other Than
P (USACE, 2005)

Parameter Cin Cout Removal
Turbidity (NTU) 9.43 5.06 46.3%
Total Suspended Solids (mg/L) 13.18 13.18 0.0%
Alkalinity (mg/L as CaCO3) 218.5 73.04 66.6%
Iron (mg/L) 195.9 47.18 75.9%
Calcium (mg/L) 82.67 43.33 47.6%
Sulfate (mg/L) 73.74 58.7 20.4%
Chloride (mg/L) 108.4 107.2 1.1%
Sodium (mg/L) 73.36 46.14 37.1%
Total Nitrogen (mg/L) 3.71 1.79 51.8%
Atrazine (ug/L) 0.429 0.127 70.4%
Total Mercury (ng/L) 2.52 0.179 92.9%
pH (SU) 7.49 7.49 0.0%
Specific Conductivity (uS/cm) 891 891 0.0%
Dissolved Oxygen (mg/L) 4.66 4.66 0.0%
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The PIR indicated that there would be no change in the concentration of total suspended solids,
pH, specific conductivity, and dissolved oxygen while there would be a decrease in the
concentration of the 10 other constituents.

Although not evaluated in detail by this EAA Reservoir A-1 Project, storage in the EAA
Reservoir A-1 is not expected to cause or contribute to water quality degradation of these
constituents in the NNRC and Miami Canal.

6.4.3 Conclusions

The EAA Reservoir A-1 will not negatively impact water quality in the EAA. Phosphorus
contained in the Supply Canals could be removed in the EAA Reservoir A-1 as simulated by the
DMSTA2 model. Phytoplankton (single cell algae) will be responsible for most of the
phosphorus removal, although chemical precipitation and settling of some phosphorus is
possible. However, periodic episodes of floating blue green algae may be aesthetically
unpleasing. Significant depletion of dissolved oxygen in the EAA Reservoir A-1 is not expected.
Wind energy should be sufficient to keep the water vertically well-mixed resulting in dissolved
oxygen near saturation concentration most of the time. During periods when the water surface
elevation in the EAA Reservoir A-1 is low, it is possible that wind energy may re-suspend
phosphorus from the bottom sediments. DMSTA2 was calibrated using existing water quality
data from 11 Florida reservoirs, including Lake Okeechobee, where wind-driven re-suspension
of phosphorus occurs. Therefore, DMSTA?2 has the capability to calculate the re-suspension of
phosphorus in the EAA Reservoir A-1 to evaluate the amount of phosphorous that might be
released from EAA Reservoir A-1.

6.5 PUMP STATIONS

6.5.1 Existing Facilities

The EAA Reservoir A-1 will need to work in conjunction with STA-3/4, and existing facilities
currently providing service to the STA-3/4 will be incorporated into the operation scheme for the
EAA Reservoir A-1. Two existing pump stations currently pump water into the STA-3/4 Supply
Canal. Pump station G-370is equipped with three 925 cfs pumps (total capacity at rated head:
2,775 cfs), and supplies water from the NNRC. Pump station G-372 is equipped with four 925
cfs pumps (total capacity at rated head: 3,700 cfs), and supplies water from the Miami Canal.
The rated head is based on the Supply Canal water surface elevation of 13.6 NAVD88. The
pumps can operate against a water surface of up to 16.6 NAVD88 at a reduced operating
capacity of about 785 cfs (approximately 2,350 cfs total capacity for G-370 pump station, and
3,130 cfstotal capacity for G-372 pump station). The water levelsin the EAA Reservoir A-1 will
fluctuate between elevation 8.6 and 20.6 NAVD88. While it is possible to partially supply the
EAA Reservoir A-1 from G-370 and G-372 pump stations without modifications to the pump
stations, significant modifications would be required to pump to the full EAA Reservoir A-1
depth. Therefore, al alternatives considered incorporate the existing facilities in one of two
operational modes:

One option is to continue to operate the G-370 and G-372 pump stations without
modification and use them to pump into the EAA Reservoir A-1 when storage
volume is available at EAA Reservoir A-1 levels lower than elevation of 16.6
NAVDS8.

BLACK & VEATCH 6- 29 WATER STORAGE AND RESERVOIR OPTIMIZATION



EAA Reservoir A-1 Basisof Design Report January, 2006

The other option is to modify the pump stations to pump against a water surface
elevation of 20.6 NAVD88, so that the pump stations can be used to pump directly
into the EAA Reservoir A-1 at any time that storage volume is available. Four
aternatives were evaluated, each of which would allow pumping to the full EAA
Reservoir A-1 depth. Each alternative results in a different pumping capacity and is
described in Section 13.2 of this report. The resulting alternatives have total pumping
capacities of 1,020, 1,860, 2,220, and 2,775 cfs, respectively, for G-370 pump station.
Although the same modifications could be applied to G-372 pump station, resulting in
capacities of 1,360, 2,480, 2,960, and 3,700 cfs respectively, only the option resulting
in 3,700 cfs capacity was considered further to ensure that flood protection capability
in the Miami Canal was not compromised.

For either option, the G-370 and G-372 pump stations can be used to pump directly to the
STA-3/4 Supply Canal when deliveries to STA-3/4 coincide with flow availability from either
the NNRC or the Miami Canal. The primary advantage for the first option is the potential for
lower costs; the primary disadvantage is the limited use when the EAA Reservoir A-1 water
depth exceeds eight feet. The second option does not have this limitation, but there is significant
cost associated with modification to alow pumping to a 12 foot EAA Reservoir A-1 water depth.

6.5.2 Evaluation Process
Pump station sizing was based on a three step process:

Preliminary Screening — Earlier studies favored the installation of a new pump station
located in the northeast corner of the EAA Reservoir A-1 and pumping from the
NNRC in combination with existing G-370 and G-372 pump stations. The initial step
included areview of various arrangements to determine whether this was still the best
option.

Optimization Based on Deliveries — Based on the results of the preliminary screening
process, the WBM was used to establish the minimum pump station capacity required
to optimize both environmental and agricultural deliveries from the EAA Reservoir
A-1.

Sizing for Priority Removals — The Water Balance Model (WBM) was used to
establish the pump station capacity required to maximize priority withdrawals from
the NNRC and the Miami Canal.

The multiple capacity options for G-370 pump station, combined with the fact that optimization
for deliveries does not provide the same answer as maximizing priority withdrawals, resulted in a
number of options and provides the SFWMD with several viable alternatives with which to
proceed. For all alternatives discussed herein, capacities shown are exclusive of seepage
pumping needs.

6.5.2.1 Preliminary Screening

Five pumping and discharge alternatives were selected for consideration during a workshop
conducted on May 24, 2005. Additional alternatives plus variations to the original alternatives
were added later. The original aternatives are designated as Preliminary Screening Alternatives
1, 2, 3, 4 and 5; Preliminary Screening Alternatives 6 and 7 were subsequently added. In general,
all aternatives except Alternative 6 are based on the addition of a new northeast pump station
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located adjacent to the NNRC in the northeast corner of the EAA Reservoir A-1 site. Various
aternatives for modifications to existing G-370 and G-372 pump stations are also included. The
modification options are described in Section 13.2 of this report. A detailed evaluation of
conceptual alternativesisincluded in Appendix 6-5 (Pumping and Discharge Facilities Technical
Memorandum). Table 6.5-1 describes the individual pump station capacities and the total system
capacities for the various alternatives described below.

For the preliminary screening process, options were developed only for the needs of the EAA
Reservoir A-1. Consideration for additional pumping needs for the EAA Reservoir A-2 was
addressed in later evaluation steps. In general, for the preliminary screening process, the facility
capacities were developed to complement one or more of the following:

Existing pumping capacity for both G-370and G-372 pump stations: In an
unmodified condition either pump station could pump directly to the STA-3/4 Supply
Canal or to the EAA Reservoir A-1 when EAA Reservoir A-1 water depth was eight
feet or less.

Modified pumping capacity for both G-370 and G-372 pump stations. In a modified
condition, both pump stations could pump directly to the STA-3/4 Supply Canal or to
the EAA Reservoir A-1 to its full operating depth. This would require additional
sitework and infrastructure in addition to the pump station modifications.

Existing NNRC capacity: Although cana flow capacity was evaluated for two
conditions (capacity without velocity restrictions and capacity based on a 2.5 cfs for
velocity limit), for clarity, only the first condition is summarized herein. Refer to
Appendix 6-2 for further discussion of the second condition.

Runoff dueto local rainfall events: An average allowance of 3/4-inch per day per acre
of drainage area was used to estimate agricultural runoff to the NNRC.

The location of the proposed northeast pump station relative to the Bowles and Cross
CanalNNRC interSection and to Lake Okeechobee results in a shorter distance of conveyance
than that for G-370 pump station. Consequently, higher canal capacity can be achieved when a
greater amount of flow is removed by the northeast pump station. This relationship is illustrated
in Figure 6.5-1. In addition, local runoff from precipitation events will also result in shorter
conveyance distances than would be experienced in the conveyance of dry weather discharges
from Lake Okeechobee and subsequently higher conveyance capabilities will be realized. The
difference in dry weather and wet weather capacity is aso illustrated in Figure 6.5-1, and can be
as much as 35 to 45 percent.

SFWMD has expressed interest in reviewing options that direct all flow through the reservoir
prior to discharge into STA-3/4 in order to take advantage of the water quality benefit that may
result. To provide this capability, additional structures would be required to completely segregate
discharges from both G-370 and G-372 pump stations, directing them without exception to the
EAA Reservoir A-1. To demonstrate the cost associated with these additional facilities,
Alternatives 2A through 5A were added to the evaluation.
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Table6.5-1 Pump Station Capacitiesand Total System Capacities
G- Northeast Total Capacity
Alternative 370 P_ump Pump Station G-370 Pump Station G-372 Pump Station S}/ste(n to EAA
Station Capacity (cfs) Capacity (cfs) Capacity (cfs) Capacity | Reservoir
Option (cf9) A-1 (cfs)
To To To To To To To
STA-3/4 | Elevation | Elevation | STA-3/4 | Elevation | Elevation Elevation
Supply 16.6 20.6 Supply 16.6 20.6 20.6
Cana NAVD88 | NAVD88 | Cand NAVD88 | NAVDS8 NAVDS88
1 A 3,200 2,775 - - 3,700 - - 9,675 3,200
2 A 3,200 2,775 2,340 - 3,700 3,120 - 9,675 3,200
3 B 3,800 2,775 - 1,020 3,700 3,120 - 8,520 4,820
C 2,600 2,775 - 1,860 3,700 3,120 - 8,160 4,460
D 2,000 2,775 - 2,220 3,700 3,120 - 7,920 4,220
E 1,000 2,775 - 2,775 3,700 3,120 - 7,475 3,775
4 B 3,000 2,775 - 1,020 3,700 - 3,700 7,720 7,720
C 2,600 2,775 - 1,860 3,700 - 3,700 8,160 8,160
D 2,000 2,775 - 2,220 3,700 - 3,700 7,920 7,920
E 2,000 2,775 - 2,775 3,700 - 3,700 8,475 8,475
5 B 3,800 2,775 - 1,020 3,700 - 3,700 8,520 8,520
C 2,600 2,775 - 1,860 3,700 - 3,700 8,160 8,160
D 2,000 2,775 - 2,200 3,700 - 3,700 7,900 7,900
E 1,000 2,775 - 2,775 3,700 - 3,700 1,475 1,475
6 A 0 2,775 - 2,775* 3,700 - 3,700* 6,475 6,475
7 A 1,000 2,775 - 2,775* 3,700 - 3,700* 1,475 1,475
Notes:

* Transferred to EAA Reservoir A-1 from Supply Canal with a booster pump station with 6,475 cfs capacity.
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Figure6.5-1 Combined Pump Station Capacity - NNRC

Combined Pumping Station Capacity - North New River Canal
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NNRC Capacity Example — Northeast Pump Station capacity set at 1,500 cfs.

Dry Conditions — When the northeast pump station is removing 1,500 cfs from the NNRC, the
flow available at G-370 pump station is approximately 1,750 cfs (just below the capacity of two
of the existing pumps pumping to eight feet of water depth in the EAA Reservoir A-1).
Therefore, the total flow available to the EAA Reservoir A-1 from the northeast pump station
and the existing G-370 pump station is 3,250 cfs.

Local Precipitation of 3/4-inch Conditions — When the northeast pump station is removing
1,500 cfs from the NNRC, the flow available at G-370 pump station is approximately 2,500 cfs
(this is more capacity than the existing G-370 pump station can currently pump to eight feet of
water depth). Therefore, the total flow available to the EAA Reservoir A-1 from the northeast
pump station and the existing G-370 pump station is 4,000 cfs.

6.5.2.2 Pumping and Discharge Alternatives
6.5.2.2.1 Alternative 1

This alternative, depicted on Figure 6.5-2, includes the installation of a new northeast pump
station to exclusively supply water to EAA Reservoir A-1. Under this aternative, the EAA
Reservoir A-1 would receive no water from existing G-370 and G-372 pump stations but the
existing pump stations would continue to provide service directly to STA-3/4. The new northeast
pump station would be designed for an ultimate capacity of 4,900 cfs but would be equipped
initially for 3,200 cfs. Space would be provided for the installation of additional pumps in the
future.
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A gate structure would be located adjacent to the new pump station to allow discharge of flow to
the NNRC to meet agricultural deliveries. This northeast gate structure would also be utilized to
supply environmental deliveries when the EAA Reservoir A-1 water level is too low for direct
discharge into the STA-3/4 Supply Canal. This would be accomplished by discharging to the
NNRC and using the G-370 pump station to pump into the STA-3/4 Supply Canal. Two gate
structures would be required to supply water to the STA-3/4 Supply Cana from the EAA
Reservoir A-1 when water levels are sufficient to allow gravity flow to the supply canal.

Figure6.5-2 Preliminary Screening Alternative 1
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6.5.2.2.2 Alternatives 2 and 2A

Alternative 2 (Figure 6.5-3) is similar to Alternative 1 with the exception that the G-370 and G-
372 pump stations would be used without modifications to supply EAA Reservoir A-1 when its
water depths are lower than an elevation of 16.6 NAVD88. A new northeast pump station would
discharge to the EAA Reservoir A-1 over the full 12-foot operating range. Gate structures would
be located between the STA-3/4 Supply Cana and EAA Reservoir A-1 to serve a dual purpose
of EAA Reservoir A-1 filling and discharge. Once the water level in the EAA Reservoir A-1
exceeds an elevation of 16.6 NAVDS88, al flow into the EAA Reservoir A-1 would be from the
northeast pump station, and G-370 and G-372 pump stations would continue to provide water
directly to STA-3/4 through the Supply Canal.
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Figure6.5-3 Preliminary Screening Alternative 2
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Alternative 2A (Figure 6.5-4) involves adding four gate structures in addition to those required

STA-3/4 Supply Canal.

for Alternative 2 to limit discharge from the G-370 and G-372 pump stations only to the EAA
Reservoir A-1 so that there is no direct discharge from either of these pump stations to the

Figure6.5-4 Preliminary Screening Alternative 2A
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6.5.2.2.3 Alternatives 3 and 3A

Alternative 3 (Figure 6.5-5) includes the installation of a new northeast pump station combined
with modifications to G-370 pump station sufficient to allow pumping from this station to a full
EAA Reservoir A-1 elevation of 20.6 NAVDS88. There are a number of options available, with
each modification becoming progressively more complicated and expensive but resulting in
greater capacity. The resulting capacities for the G-370 pump station range from 1,020 cfs to
2,775 cfs and are summarized in Table 6.5-1. Because the Supply Canal and EAA Reservoir A-1
have different maximum operating levels, modifications to the Supply Canal would be required
to alow diversion of the G-370 pump station flow into the EAA Reservoir A-1. To match the
existing capacity of the NNRC, the capacity of the northeast pump station decreases as the
capacity of the G-370 pump station increases. In this aternative, there are no modifications to
the G-372 pump station. Therefore, it would be used to pump to the Supply Canal with discharge
either directly to STA-3/4 or to the EAA Reservoir A-1 when water levels are below elevation of
16.6 NAVDSS.

Figure6.5-5 Preliminary Screening Alternative 3
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Alternative 3A (Figure 6.5-6) involves adding the same four gate structures described for
Alternative 2A to pump al water from the G-370 and G-372 pump stations into the EAA
Reservoir A-1 while all water delivered to the environment is discharged from the EAA
Reservoir A-1. Because this aternative includes no modification to G-372 pump station, and,
under this scenario, G-372 pump station would not be allowed to pump directly to STA-3/4, the
pump station could only be operated when EAA Reservoir A-1 water surface elevations are less
than 16.6 NAVD88. Flows from the Miami Canal could not be pumped when EAA Reservoir
A-1 water surface elevations exceeded 16.6 NAVDS88. Therefore, this alternative is not a viable
option.

Figure6.5-6 Preliminary Screening Alternative 3A
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6.5.2.2.4 Alternatives 4 and 4A

Alternative 4 (Figure 6.5-7) is similar to Alternative 3 except that it expands that alternative by
modifying structure G-372 pump station to pump to the full EAA Reservoir A-1 depth (elevation
of 20.6 NAVD88) and by increasing the levee height for the Supply Cana from G-372 pump
station to EAA Reservoir A-1. Because G-372 pump station alone serves the Miami Candl, it
was assumed that modifications to the pump station would result in the full 3,700 cfs capacity
currently experienced so that flood protection capability would not be diminished. Under this
aternative, the Supply Canal control structures would serve a dual function of both EAA
Reservoir A-1 inlet and outlet.
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Figure6.5-7 Preliminary Screening Alternative 4
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Alternative 4A (Figure 6.5-8) involves adding two gate structures dedicated to withdrawing

water from EAA Reservoir A-1 to the Supply Canal. Unlike Alternative 3A, G-372 pump station
can be used at al times that there is available EAA Reservoir A-1 capacity; therefore, this would
be aviable option.

Figure6.5-8 Preliminary Screening Alternative 4A
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6.5.2.2.5

Alternatives 5 and 5A

Alternative 5 (Figure 6.5-9) is similar to Alternative 4 in all aspects except that rather than
modifying G-372 pump station and the Supply Canal between the pump station and the EAA
Reservoir A-1, a new booster pump station would be located in the southeast corner of the EAA
Reservoir A-1 to boost the 3,700 cfs flow from G-372 pump station to the EAA Reservoir A-1
water surface elevation of 20.6 NAVD88. All other features of Alternative 4 would be included
in this alternative.

OF MODIFIED G-370 PUMP STATION
AND IS SHOWN IN TABLE 6.5-1.

Figure6.5-9 Preliminary Screening Alternative 5
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Alternative 5A (Figure 6.5-10) involves adding a gate structure near G-370 pump station to
release water from EAA Reservoir A-1 to the STA-3/4 Supply Canal and a gate structure on the
Supply Canal downstream of the new booster pumping station.

Figure 6.5-10 Preliminary Screening Alter native 5A
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6.5.2.2.6 Alternative 6

Alternative 6 (Figure 6.5-11) retains G-370 and G-372 pump stations in their current state and
includes a new booster station to pump water from the STA-3/4 Supply Cana into EAA
Reservoir A-1 up to its full elevation of 20.6 NAVD88. No additional pumping capacity would
from the NNRC would be provided. Gate structures would be provided to discharge water from
the EAA Reservoir A-1 to the Supply Canal when the EAA Reservoir A-1 water surface
elevation is above an elevation of 13.6 NAVD88. A second gate structure would be required to
release water from the EAA Reservoir A-1 to the NNRC for agricultural deliveries and for
environmental deliveries when the EAA Reservoir A-1 level is insufficient to discharge directly
to the Supply Canal.

The relative location of the booster pump station to the existing G-370 and G-372 pump stations,
the supply canal, and STA-3/4 influent structures precludes directing all flow to the reservoir
prior to discharge to STA-3/4. Therefore, no Alternative 6A was considered. (This could be
accomplished with two separate booster pump stations size at 2,775 cfs and 3,700 cfs
respectively serving G-370 and G-372 pump stations. The cost for the two stations would be
greater than that for a single pump station, so this option was excluded from further
consideration.)

Figure 6.5-11 Preliminary Screening Alternative 6
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6.5.2.2.7 Alternative 7

Alternative 7 (Figure 6.5-12) is similar to Alternative 6, except that a 1,000 cfs northeast pump
station is included in order to take full advantage of the existing capacity of the NNRC during
local precipitation events.

Figure 6.5-12 Preliminary Screening Alternative 7
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6.5.2.2.8 Discussion of Alternatives

Advantages and disadvantages for each aternative are listed in Table 6.5-2. The costs associated
with each alternative are shown in Tables 6.5-3 and 6.5-4.

In general, the cost for the additional infrastructure required to direct all flows through the EAA
Reservoir A-1 prior to discharge to the STA-3/4 Supply Cana ranges from $15M to $35M.
Although there may be some treatment value associated with EAA Reservoir A-1 storage, flow
management is the EAA Reservoir A-1's primary function; treatment is a secondary benefit. The
STA-3/4 is designed to sufficiently treat flows pumped directly from the canals without the
benefit of treatment that might be experienced with the EAA Reservoir A-1. Due to the
additional cost associated with the 2A, 3A, 4A, and 5A aternatives and the limited potential
benefit, we recommend against further consideration of these alternatives.

The most cost effective aternatives are 1, 2, 3E, and 6. While Alternative 6 is the lowest cost
option, the primary disadvantage is that it offers no increased pumping capacity from the NNRC
and therefore no increased flood protection. Although it is feasible that this pump station could
be combined with a future northeast pump station augmented by increased canal capacity at the
time that the EAA Reservoir A-2 is constructed, the location would not favor the proposed two
cell operation (with this arrangement all pumping would be in to the EAA Reservoir A-1).
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The cost difference between Alternatives 1 and 2 are nominal. The limited use of the G-370 and
G-372 pump stations in Alternative 1 would favor the selection of Alternative 2 over Alternative
1 considering the relatively small cost difference.

For the first phase of the EAA Reservoir A-1 construction and operation (cell A1), Alternatives 2
and 3 are preferred over the others. While Alternative 3 is cost competitive with Alternative 2,
modifications to the existing pump stations that would be required for Alternative 3 would be
difficult and potentially disruptive to the continuous operation of STA-3/4. The primary
limitation for Alternative 2 is that the existing G-370 and G-372 pump stations would only be
useful for filling the EAA Reservoir A-1 to approximately eight feet of depth or for pumping
directly to the STA-3/4 Supply Canal. At any time that the EAA Reservoir A-1 has awater depth
greater than eight feet, all flow into the EAA Reservoir A-1 must be supplied from the new
northeast pump station. Implementation of either alternative would significantly increase the
flood pumping capability for the system.

All further refinements in pump station capacity focused on Alternatives 2 and 3.
Table6.5-2 Advantages and Disadvantages for each Pump Station Alternative

Alter native Advantages Disadvantages
Alternative Increase pumping capacity from NNRC. G-370 and G-372 pump stations have

1 No change to existing pump stations no capability to pump flow into EAA
(therefore, no associated costs nor Reservoir A-1, therefore limited to
operational impact during construction). pump to STA-3/4

Water pumped from G-370 and G-372
pump stations does not pass through
EAA Reservoir A-1 (no treatment
value).

Alternative Increase pumping capacity from NNRC Above elevation 16.6 NAVDSS,

2 No change to existing pump stations decreased pumping capacity to EAA
(therefore, no associated costs nor Reservoir A-1, water pumped from
operational impact during construction). G-370 and G-372 pump stations does

not pass through EAA Reservoir A-1
(no treatment value).
Increased operator attention required
(due to switch over at elevation 16.6
NAVD88).

Alternative Increase pumping capacity from NNRC Increased operator attention required

3 No change to existing pump stations (due to switch over at elevation 18

(therefore, no associated costs nor NAVD8S).

operational impact during construction). Above elevation 16.6 NAV D88,

All available flow from NNRC pumped pumping from G-372 pump station

through EAA Reservoir A-1 (unless EAA limited to STA-3/4

Reservoir A-1 has no remaining capacity). Requires modification of G-370 pump

G-372 pump stations utilized for elevation station to allow pumping directly to

16.6 NAVD88 and under. Available for EAA Reservoir A-1

pumping under flood conditions. Heightened degree of difficulty - need
to maintain G-370 pump station in
operation during construction.
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Alter native Advantages Disadvantages
Alternative Increase pumping capacity from NNRC High Cost
4 All available flow from NNRC and Miami Requires modification of G-370 pump
canal can be pumped to EAA Reservaoir station to allow pumping directly to
A-1 (unless EAA Reservoir A-1 hasno EAA Reservoir A-1
remaining capacity) Requires modification of G-372 pump
station and adjacent feeder canal to
allow pumping directly to EAA
Reservoir A-1
Heightened degree of difficulty - need
to maintain G-370 pump station in
operation during construction
Alternative Increase pumping capacity from NNRC High cost
S All available flow from NNRC and Miami G-372 booster pumping station difficult
pumped through EAA Reservoir A-1 to access
(unless EAA Reservoir A-1 hasno Heightened degree of difficulty - need
remaining capacity) to maintain G-370 pump station in
Simple operation operation during construction
Alternative Utilizes existing pump stations with no No increase in pumping capacity from
6 further modification NNRC
Simple construction Water pumped from G-370 and G-372
Booster pump station could be designed to pump stations does not pass through
pump into and out of EAA Reservoir A-1 EAA Reservoir A-1if directed to
(to STA-3/4 Supply Canal) STA-3/4 (no treatment value)
L owest cost Booster pump station difficult to access
Alternative Utilizes existing pump stations with no Water pumped from G-370 and G-372
7 further modification pump stations does not pass through
Simple construction EAA Reservoir A-1 if directed to
Increase pumping capacity from NNRC STA-3/4 (no treatment value)
Booster pumping station could be designed Requires construction of two pump
to pump into and out of EAA Reservoir stations
A-1 (to STA-3/4 Supply Canal) High cost
Booster pump station difficult to access
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Table6.5-3 Cost Estimationsfor Each Pump Station Alter natives 1-7
G-370 Pump Station G-372 Pump Station
M odifications M odifications
Mechanical Mechanical
G- Northeast and and Booster
370 Pump Pump Miscellaneous Miscellaneous Pump
Station Station M odifications Civil M odifications Civil Station Total
Alternative Option®  (million) (million) @ (million)®  (million)®  (million)®  (million) (million)
1 $83.0 - $6.9 - $7.1 - $97.0
2 $83.0 - $6.9 - $7.1 - $97.0
3 B $86.0 $3.6 $33.7 - $7.1 - $130.4
C $61.5 $10.6 $33.7 - $7.1 - $112.9
D $56.0 $12.2 $33.7 - $7.1 - $109.0
E $44.5 $14.9 $33.7 - $7.1 - $100.2
4 B $86.0 $3.6 $33.7 $4.6 $64.2 - $192.1
C $61.5 $10.6 $33.7 $13.1 $64.2 - $183.1
D $56.0 $12.2 $33.7 $15.2 $64.2 - $181.3
E $44.5 $14.9 $33.7 $20.1 $64.2 - $177.4
5 B $86.0 $3.6 $33.7 - $7.1 $42.7 $173.1
C $61.5 $10.6 $33.7 - $7.1 $42.7 $155.6
D $56.0 $12.2 $33.7 - $7.1 $42.7 $151.7
E $44.5 $14.9 $33.7 - $7.1 $42.7 $142.9
6 - . $6.9 - $7.1 $67.6 $81.6
7 $44.5 - $6.9 - $7.1 $67.6 $126.1

(1) Refer to Table 6.5-1 Pump Sation Capacities and Total System Capacities for definitions of each option
(2)Miscellaneous modifications include mechanical and structural modifications to existing seepage pumps
(3) Civil modifications include discharge modifications at pump station structures

BLACK & VEATCH 6- 44

WATER STORAGE AND RESERVOIR OPTIMIZATION



EAA Reservoir A-1 Basisof Design Report January, 2006

Table6.5-4 Cost Estimationsfor Each Pump Station Alter natives 2A —5A

G-370 Pump Station G-372 Pump Station
M odifications M odifications
M echanical M echanical
G- Northeast and and Booster
370 Pump Pump Miscellaneous Miscellaneous Pump
Station Station M odifications Civil M odifications Civil Station Total
Alternative | Option* | (million) (million) @ | (million)® |  (million)® | (million)® | (million) | (million)

2A $83.0 - $18.2 - $24.1 - $125.3
3A B $86.0 $3.6 $39.3 - $24.1 - $153.0
C $61.5 $10.6 $39.3 - $24.1 - $135.5
D $56.0 $12.2 $39.3 - $24.1 - $131.6
E $44.5 $14.9 $39.3 - $24.1 - $122.8
4A B $86.0 $3.6 $39.3 $4.6 $71.3 - $204.8
C $61.5 $10.6 $39.3 $13.1 $71.3 - $195.8
D $56.0 $12.2 $39.3 $15.2 $71.3 - $194.0
E $44.5 $14.9 $39.3 $20.1 $71.3 - $190.1
5A B $86.0 $3.6 $39.3 - $24.1 $42.7 $195.7
C $61.5 $10.6 $39.3 - $24.1 $42.7 $178.2
D $56.0 $12.2 $39.3 - $24.1 $42.7 $174.3
E $44.5 $14.9 $39.3 - $24.1 $42.7 $165.5

(1) Refer to Table 6.5-1 Pump Sation Capacities and Total System Capacities for definitions of each option
(2)Miscellaneous modifications include mechanical and structural modifications to existing seepage pumps
(3) Civil modifications include discharge modifications at pump station structures and southeast gate structure
(4) Civil modifications include discharge modifications at pump station structures and southwest gate structure
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6.5.2.3 Optimization Based on Water Deliveries

One of the primary goals of the EAA Reservoir A-1 is to store and equalize flow to improve
deliveries to the environment and agricultural users. Therefore, the first refinement analyzed was
to optimize pump station capacity based on water deliveries. The WBM described in Section 6.2
was used to determine the minimum capacity that would be needed for each of the three pump
stations (northeast, G-370, and G-372) to optimize the number and volume of deliveries over the
period of simulation. For this analysis, it was assumed that the NNRC would be modified as
required to provide sufficient capacity for each alternative analyzed and would not be a
limitation. The associated canal improvements necessary for the alternatives are discussed in
Section 10.

Because there are three pump stations involved, each of which could have a variable capacity,
several rules were established to limit the final number of options evaluated:

Pumping options for G-370 pump station were based on the options identified in the
preliminary screening process and described in Section 13:

No modification, capacity of 2,775 cfs when pumping to the Supply Candl;
capacity of 2,350 cfs when pumping to a EAA Reservoir A-1 depth of 8 feet

Modified, capacity of 2,775 cfs when pumping to the Supply Canal, capacity of
1,020 cfs when pumping to a EAA Reservoir A-1 depth up to 12 feet

Modified, capacity of 2,775 cfs when pumping to the Supply Canal, capacity of
1,860 cfs when pumping to a EAA Reservoir A-1 depth up to 12 feet

Modified, capacity of 2,775 cfs when pumping to the Supply Canal, capacity of
2,220 cfswhen pumping to a EAA Reservoir A-1 depth up to 12 feet

Modified, capacity of 2,775 cfs when pumping to the Supply Canal, capacity of
2,775 cfswhen pumping to a EAA Reservoir A-1 depth up to 12 feet

Pumping options for G-372 pump station were limited to those that maintained a
pumping rate of 3,700 cfs so that flood protection would not be diminished. Reduced
rate options were identified but were removed from further consideration.

No modification, capacity of 3,700 cfs when pumping to the Supply Canal;
capacity of 3,130 cfs when pumping to a EAA Reservoir A-1 depth up to 8 feet

Modified, capacity of 3,700 cfs when pumping to the Supply Canal, capacity of
3,700 cfs when pumping to an EAA Reservoir A-1 depth of 12 feet

Pumping capacities for the northeast pump station were varied to establish the
minimum capacity required to work in combination with the options described above
for G-370 and G-372 pump stations.
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For the resulting alternatives, the WBM was applied using several different flow/delivery
conditions as defined by the SFWMD ECP:

2010 water availability, 2010 environmental and agricultural deliveries

2010 water availability, 2015 environmental deliveries and 2010 agricultural
deliveries

2015 water availability, 2015 environmental and agricultural deliveries

The first two conditions were applied to an EAA Reservoir configuration that consisted of the A-
1 cell only. The last condition was applied to an EAA Reservoir configuration that consisted of
both the A-1 and A-2 cells.

Water balance models were developed and run as follows:

1) EAA-Alxls — This models the EAA Reservoir A-1 with 2010 environmental and
agricultural deliveries. The G-370 and G-372 pump stations are not modified and pump
only to 8 feet of EAA Reservoir A-1 depth.

2) EAA-A1 2015 Envtl&Flowsxls — This models the EAA Reservoir A-1 with 2015
environmental and agricultural deliveries. The G-370 and G-372 pump stations are not
modified and pump only to eight feet of EAA Reservoir A-1 depth.

3) EAA-A1 2015 Envtl.xls — This models the EAA Reservoir A-1 with 2015
environmental deliveries and 2010 agricultural deliveries met after 2015 environmental
calls. The G-370 and G-372 pump stations are not modified and pump only to eight feet
of EAA Reservoir A-1 depth.

4) EAA-Al G-370 Modifiedxls — This models the EAA Reservoir A-1 with
2010 environmental and agricultural calls. The G-370 pump station is modified and
pumps to 12 feet of EAA Reservoir A-1 depth while the G-372 pump station is not
modified and pumpsto only eight feet of EAA Reservoir A-1 depth.

5) EAA-A1 G-370 Modified 2015 Envtl.xIs — This models the EAA Reservoir A-1 with
2015 environmental deliveries and 2010 agricultural deliveries met after 2015
environmental deliveries. The G-370 pump station is modified and pumps to 12 feet of
EAA Reservoir A-1 depth while the G-372 pump station is not modified and pumps to
only eight feet of EAA Reservoir A-1 depth.

6) EAA-A1+A2 2015 Fows&Demands.xls — This models both the EAA Reservoir A-1
and EAA Reservoir A-2, and therefore includes 2015 flows, environmental deliveries,
and agricultural calls. Pump stations G-370 and G-372 are not modified and pump only to
8 feet of EAA Reservoir A-1 depth.

7) EAA-A1+A2_G-370& G-372_Modified_2015 Flows& Demands.xls — This models both
the EAA Reservoir A-1 and EAA Reservoir A-2, and therefore, includes 2015 flows,
environmental deliveries, and agricultural deliveries. The G-370and G-372 pump
stations are both modified to pump to 12 feet of EAA Reservoir A-1 depth.

The features of each water balance modd are summarized in matrix form in Table 6.5-5 below.
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Table6.5-5 Summary of Water Balance Models Features

Environmental Agricultural G-370 pump station | G-372 pump station
V\II\II?JM Demands Demands pumping depth pumping depth

2010 2015 2010 2010* 8-foot 12-foot 8-foot 12-foot

1 X X X X

2 X X X X

3 X X X X

4 X X X X

5 X X X X

6 X X X X

7 X X X X

* 2010 agricultural demands after 2015 environmental demands have already been met

Figures 6.5-13 through 6.5-23 provide summaries for each aternative.

The summaries identify the percent of the deliveries that can be achieved along with associated
costs. Table 6.5-6 provides an overall summary to allow direct comparison of the alternatives.

For the first phase of the EAA Reservoir A-1 construction, it was assumed that there would be no
modification to G-372 pump station based on the associated high cost identified during the
preliminary screening. However, in the event that construction of the EAA Reservoir A-2 was
delayed, model runs were aso conducted based on 2010 flow availability and 2015
environmental delivery conditions. From Table 6.5-6 it appears that a combined capacity of the
northeast pump station and G-370 pump station in the range of 2,500 to 3,000 cfs would be
sufficient to allow optimum deliveries based on the EAA Reservoir A-1 capacity available, the
flows available (2010), and either the 2010 or 2015 environmental delivery condition. The
lowest cost alternativeis A1-1A, a 1,500 cfs northeast pump station working in conjunction with
an unmodified G-370 pump station. Although G-370 pump station would have a capacity of up
to 2,350 cfs when all three pumps are pumping up to an 8 foot EAA Reservoir A-1 depth, it is
apparent from comparison of Figures 6.5-13 and 6.5-14 that the same delivery percentages can
be gained with two pumps operating at 1,565 cfs capacity. The combined capacity of the two
stations is within the current capacity limits of the NNRC. Consequently, this aternative would
not require canal modifications at this time to achieve the optimum deliveries.

For the second phase of the EAA Reservoir construction, Alternative A2-2C matches the
capacity for the northeast pump station identified above for phase one with one of the
modification options for G-370 pump station. Minor canal modifications would be needed to
ensure that there would be sufficient flow available to meet the 2015 delivery needs.
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Table6.5-6 Costs Associated with Pump Station Alternatives and Options Based on Deliveries M et
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Figure 6.5-13 Optimization for Deliveries— Alternative A1-1A
(G-370 Pump Station with Three Pumps Running)

G-370 pump station =2,340 s and G-372 pump statien = 3,120 cfs (A-1 only, existing pump stations pumping to 8-foot
p— dupth)
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Figure 6.5-14 Optimization for Deliveries— Alternative A1-1A
(G-370 Pump Station with Two Pumps Running)

G-370 pump station =1,560 ¢fa and G-372 pump station = 3,120 cfa (A-1 only, existing pump stations pumping to &-

100.0% foot depth)
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12 5,500 1,560 8 3120 g $ 094000003 § i E % 13856000 % 44500000 3§ 156356000
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Figure 6.5-15 Optimization for Deliveries— Alternative A1-2B

G-170 pump Station =1,020 cfs and G-172 pump station = 3,120 cfs (A1 anly, G-170 pump station modifisd to pump to 12.
foot depth)
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Figure 6.5-16 Optimization for Deliveries— Alternative A1-2C

G=3T0 pump station =1,8680 cfs and G-372 pump station = 3,120 cfs (A-1 only, G-1T0 pump station medified to pump to 12-
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Figure 6.5-17 Optimization for Deliveries— Alternative A1-2D

January, 2006

G=3T0 pump station =2,220 cofs and G-172 pump station = 3,120 cfs (A-1 only, G-1T0 pump station medified o pump to 12-
fool depth)
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Figure 6.5-18 Optimization for Deliveries— Alternative A1-2E

G-3T0 pump station =2,775 ofs and G-172 pump station = 3,120 cfs (A-1 only, G-1T0 pump station medified to pump to 12-
fool depth)
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Figure 6.5-19 Optimization for Deliveries— Alternative A2-2B

G-370 pump station =1,020 cfs and G-372 pump station = 3,700 cfs |A-1 and A-2, G-370 pump station and G-172 pump

station modified to _Eumgh 'I‘.hﬁotmb

100.0% ——r—
- - gl
0% = s corll = e ———————
-
S - % -
- -~

- \ ’..-r'

BEOW i .| 2015 Enviranmental - 1
Chalivaries Mal ~
m“ #.F -
s 4 \JE15 Agricutural
-~ Dieltvarias WMot
-~
TH% o 1
-~
» -

BEO% 7 1

’_r"
B00% Lr | 4
S50%
5010%

] 530 1,000 1,500 2000 2500 3,000
Worthaast Fump Station Capacsy (ofs)
2015 2015

Harthess! G370 G372 Parcantage of  Parcaniage of
Waler Pump Stafion G370 Pump G372 Pump Envil Delveras  Agriculiural
Depih {icfs) (cfs)}  Head {.:% Head [ Deliveries Mei
12 [i] 1020 12 AT 12 B5.1% 56 0%,
12 500 1020 12 aToD 12 D2.9% GO.B%
12 1,000 1020 12 Avo0 12 97.8% BO.3%
12 1,500 1,020 12 3,700 12 B9.8% B80.T%
12 2,000 1020 12 avoD 12 B0.0% .45
12 2,500 1020 12 AT 12 949.9% 94.9%
12 3,000 1,020 12 3,700 12 99.%% 95.0%
12 3,500 1000 12 3avob 12 09.9% 85.1%
12 4,000 1,020 12 AT00 12 99.9% 95.1%
12 4,500 1,020 12 3,700 12 99.9% 95.1%
12 5, 00 1,020 12 700 12 09.9% B5.1%
12 5,500 1,00 12  Av0d 12 0.9% 95.1%
12 6,000 1020 12 ATO0 12 99.9% 95.1%
12 B, 500 1,020 12 3,700 12 B59.9% 85.1%
12 7,000 1,020 12 AT00 12 .0 G95.1%

Hortheast G-370 G372 Gl Canal
Option Costs Purmp Station  Pump Sialion  Pump Stalion  Struclures  Modilicalions Tolal Cosl
12 [i] 1000 12 Av0h 12 5§ 30267000 5 10200000 5 17000000 5 80188000 5 &500000 5 144155000
12 500 1020 12 AT 12 5 .250000 5 10200000 § 17000000 S 80.1BR000 5 G500000 5 151138000
12 1,000 1.020 12 3,700 12 5§ 44600000 5 10200000 5 17000000 5 80188000 5 @6.500,000 § 158388000
12 1,500 1020 12 Av00 12 5 500832000 5 10200000 5 17000000 5 80188000 5 6500000 5 164720000
12 2,000 1020 12 avod 12 5 S5000000 S 10200000 § 17000000 5 80188000 5 9598000 5 172986000
12 2,500 1020 12 3700 12 S 60750000 S 10200000 § 17,000,000 5 80,188,000 % 12540000 5 180678000
12 3,000 1,020 12 AT00 12 5 64722000 § 10200000 § 170000000 5 80188000 5 1,560000 5 193,670,000
12 3,500 1020 12 Avod 12 5 80000000 S 10200000 5 1T000000 5 80180000 5 21580000 5 208948000
12 4,000 1020 12 avO0 12 5 7500000 5 10200000 $ 17000000 5 801BRO0G § MBIS000 5 235603000
12 4,500 1,020 12 a,700 12 5 91000000 § 10200000 $ 17,000,000 5 801BROOO § 30615000 5 2329003000
12 5,00} 1000 12 3T00 12 5 SA647.000 S 10200000 5 17000000 5 80188000 5 MTI10000 5 238,754,000
12 5,500 1020 12 Ar0 12 5 98000000 5 10200000 S 17.000000 5 80188000 § 44500000 5 249888000
12 B, D00 1,020 12 3,700 12 S5 101,760,000 5 10200000 5 17000000 5 80,1BB.000 5 44,500,000 § 253636000
12 6,500 1,020 12 AT00 12 S 105,000,000 § 102000000 5 170000000 § 80,186,000 5 44500000 5 256,858 000
BLACK & VEATCH 6- 56 WATER STORAGE AND RESERVOIR OPTIMIZATION




EAA Reservoir A-1 Basisof Design Report

Figure 6.5-20 Optimization for Deliveries— Alternative A2-2C

January, 2006

G-370 pump station =1 860 cfs and G-372 pump station = 3,700 cfs |A-1 and A-2, G-370 pump station and G-172 pump

100.0% —r
—
- .
_-__.-F"
2015 Emyronmental
Bh0% \g’n\mﬁ&!ﬂ&l [ —— T ——— i —————_ ———————_—
-
r"‘
-~
-~
BO.0% -~
-~
’,H
s
e F 2015 Agriculural |
/ Disliveries Met |
r
r 4
ra
BLO%N 7
&
v
TRO%
TO.0%
] 0 (] 1,500 2.000 1500 3000
HNorsan! Pump Slation Capacity (cha)
2015 2015
Harthess! G370 G372 Parcantage of  Parcaniage of
Waler Pump Stafion G370 Pump G372 Pump Envil Delveras  Agriculiural
Drapth =] [l:;% Head  (cfs)  Head Mt Daliveries Met
12 i] 1, 12 a7 12 06.5% T6.75%
12 £00 880 12 aTo0 12 00.5% BT 6%
12 1,000 1860 12 3TO0 12 99.9% 94.2%
12 1,500 1,860 12 3700 12 9% 84.0%
12 2,008 1,860 12 avoo 12 00.0% a5.1%
12 2,500 1,860 12 avOdD 12 99.9% 95.1%
12 3,000 1,860 12 3,700 12 09.9% 95.2%
12 3,500 1860 12 avob 12 9% a5.2%
12 4,000 1,860 12 aro 12 99.9% 95.2%
12 & 60D 1,860 12 3,700 12 99.9% 96.2%
12 5,000 1,860 12 3,700 12 09.0% B5.2%
12 5,500 1,860 12 AT 12 0.9% 95.2%
12 6,000 1860 12 3TO0 12 93.9% 85.2%
12 B, 500 1,860 12 3,700 12 B9.9% 05.2%
12 7,000 1,860 12 AT0D 12 .0 G5.2%
Mortheast G-370 G372 Gt Canal
Opbion Costs Pusng Station  Pump Sislion  Punp Ststion  Stuclures  Modifiealions Tedal Cosl
12 [ 1860 12 AF00 12 5 30267000 5 11600000 5 17000000 5 A01BRO00 S S500000 5 145555000
12 500 1860 12 AT 12 § F.20000 5 11600000 § 17000000 S5 80188000 5 6500000 5 152538000
12 1,000 1,880 12 3,700 12 5§ MM eD0D00 5 11600000 S 17,000,000 S S801BROO0 5 9598000 5 152 886000
12 1,500 1860 12 Av00 12 5 500832000 5 11600000 $ 17000000 5 8018000 5 S.598000 5 169218000
12 2,000 1860 12 am™d 12 5§ S6.000000 S5 11600000 § 17000000 S 80188000 § 21560000 5 186348000
12 2,500 1860 12 3700 12 S 60750000 5 11600000 $ 17,000,000 % 80,1BR000 5 21,580,000 5 191008000
12 3,000 1860 12 A700 12 5 64722000 $ 11600000 F 17000000 5 80188000 5 21560000 5 195070000
12 3,500 1,860 12 AT0Dd 12 5 80000000 $ 11600000 § 17000000 5 80188000 5 MEIS000 5 219403000
12 4,000 1860 12 3aT00 12 5 87500000 5 11600000 3 17000000 5 80,1BRO00) 5 IGT18000 5 233,007,000
12 4,500 1,880 12 a.700 12 5 91000000 S 11600000 % 17000000 S 801BEOOG 5 MT10000 $ 236507000
12 5,00 1860 12 3T0D 12 5 SAE47000 S5 1600000 5 17000000 5 80188000 5 44500000 5 247 935000
12 5,500 1860 12 aT0 12 5 98000000 5 11600000 S 17000000 5 80188000 5 44500000 5 251788000
i2 B, D00 1,880 12 3,700 12 S5 101,760,000 5 11600000 5 17000000 5 80,1BB.000 5 44,500,000 § 255038000
12 6,500 1,860 12 AT00 12 5 105000000 § 11600000 5 17000000 § 80,186,000 %5 44500000 § 258288000
BLACK & VEATCH 6- 57 WATER STORAGE AND RESERVOIR OPTIMIZATION



EAA Reservoir A-1 Basisof Design Report

January, 2006

Figure 6.5-21 Optimization for Deliveries— Alternative A2-2D

G-370 pump station =2.720 cfs and G-172 pump station = 3,700 cfs (A-1 and A-2, G-370 pump station & G-372 pump

station modified to pump to 12—10%#
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Figure 6.5-22 Optimization for Deliveries— Alternative A2-2E

G-370 pump station =2, 778 cfs and G-372 pump station = 3,700 cfs |A-1 and A-2, G-370 pump station and G-172 pump

P station modified to pump to 12-foot depth)
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6.5.2.4 Optimization for Priority Removals

Another goal identified by SFWMD is to maximize priority removals by providing sufficient
EAA Resarvoir A-1, pumping station, and canal capacity. Priority removals are defined as
follows (in order of declining preference):

Local runoff within the NNRC and Miami Canal drainage area

Pump backs to Lake Okeechobee from the NNRC by S-2 pump station and from the
Miami Canal by S-3 pump station

Regulatory releases from Lake Okeechobee

Unlike the optimization described above for water deliveries for which the minimum necessary
pump station capacity is the desirable result, this optimization step requires the identification of
the largest practical pump station size that will cost effectively respond to stormwater runoff.
Application of the Water Balance Model demonstrated that, for both the 2010 and the 2015 water
availability and delivery conditions, there is sufficient water available from the Lake
Okeechobee regulatory releases to meet deliveries, so much in fact that the EAA Reservoir A-1
could be maintained in arelatively full state for all but the driest climate conditions. While this
may seem desirable from a delivery standpoint, in order to improve the preferred priority
removals of local runoff and pump backs, the water level in the EAA Reservoir A-1 will need to
be carefully managed to ensure that sufficient storage capacity is available to allow discharge
into the EAA Reservoir A-1 at any time when runoff conditions occur. This will mean that Lake
Okeechobee regulatory releases into the EAA Reservoir A-1 may be deferred at times in favor of
maintaining operational capacity for the local runoff and the pump backs. Therefore, in
conducting this evaluation, the Lake Okeechobee regulatory releases were deleted from the
model runs so that maximum storage capacity was made available for local runoff and pump
backs, and the associated pump station capacity required to capture these flows could be
identified. Actual operation will include Lake Okeechobee regulatory releases, but in a managed
guantity and duration.

Figures 6.5-23 through 6.5-31 provide individual summaries of each aternative evaluated for
this refinement. The summaries identify the percent of local runoff that can be captured, the
percent of pump backs that can be routed to the new EAA Reservoir A-1, and the costs
associated with each. The alternatives are also summarized in Table 6.5-7 and are based on the
following:

For the EAA Reservoir A-1, a new northeast pump station in combination with G-
370and G-372 pump stations in an unmodified state, pumping into the EAA
Reservoir A-1 when water depths are less than eight feet and into the STA-3/4 Supply
Canal when EAA Reservoir A-1 water depths are greater than eight feet.

For the EAA Reservoir A-1, a new northeast pump station in combination with G-
370 pump station modified to pump to full EAA Reservoir A-1 depth and G-372
pump station in an unmodified state pumping into the EAA Reservoir A-1 when
water depths are less than eight feet and into the STA-3/4 Supply Cana when EAA
Reservoir A-1 water depths are greater than eight feet.
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For the EAA Reservoir Al and EAA Reservoir A-2, a new northeast pump station in
combination with G-370 and G-372 pump stations modified to pump to full EAA
Reservoir A-1 depth.

As with the previous refinement, for the first phase of EAA Reservoir A-1 construction it was
assumed that there would be no modification to G-372 pump station due to the associated high
cost identified during the preliminary screening. Consequently, this BODR focuses on reduction
of priority removals in the NNRC drainage area. From Table 6.5-7 it appears that a combined
capacity for the northeast pump station and G-370 pump station in the range of about 6,000 cfs
would be sufficient to maximize the amount of local runoff and pump backs that could be
captured in the EAA Reservoir A-1. The graph on Figure 6.5-23 shows a definite break point for
a northeast pump station capacity of about 4,000 cfs. Evaluations employing various adjustments
to the WBM all resulted in northeast pump station capacities ranging from 3,500 to 4,000 cfs.
Additional removals could be achieved with greater pump station capacities, but at greater cost
and steadily diminishing returns. Modifications would be required to the NNRC to provide the
greater conveyance capacity needed to allow pumping at this rate.

For the second phase of the EAA Reservoir A-1 construction, the change in the graph’s slope is
less defined, but it appears that a combined capacity between the northeast pump station and G-
370 pump station in the range of 5,000 to 6,000 cfs would sufficiently maximize the amount of
local runoff and pump backs that could be captured in the combined EAA Reservoir A-1 and A-
2. Alternative A2-2B matches the capacity for the northeast pump station identified above for
phase one with one of the modification options for G-370 pump station. No additional canal
modifications beyond those identified for phase one would be needed with this aternative.
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Table6.5-7 Costs Associated with Pump Station Alternatives and Options Based on Priority Removals
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Figure 6.5-23 Optimization for Priority Removals— Alternative A1-1A
(G-370 Pump Station with Three Pumps Running)

G-370 pump station =2,340 cfs and G-372 pump station = 3,120 efs (A-1 only, existing pump stations pumping to -
foot depth)

100 0%

BI0% | e : - - -
[Vialume Runcfi : __________.-—-'_'___

= B

60.0% 1

50.0%

40.0%

30.0%

20.0%

10.0% y T

] 1.000 2,000 3000 4,000 5, 000 G000 T.000
Hortheaat Pump Statian Capacity (cfa)
25 2015
Morhesst G-370 G-372

Water Pump Station G-370 Pumg G372 Pump Parcamags Backpumping

Depth {cfs) (e} Hoad  icfs)  Head of Runoff Stored  Volume Stomd

12 0 2,40 a 3,120 [ TT.6% 26.0%

12 500 240 8 o & 79.1% 32.2%

12 1,000 2340 i 3,120 & BO.2% 30.2%

12 1,500 2,340 8 3,120 & 81.0% 46.2%

12 2,000 2,340 ] 3,120 & B1.6% 45.1%

12 2,500 2,40 ] 3120 & B2.2% 54.2%

12 3,000 2,340 a 3,120 & B2.3% 59.2%

12 3,500 2340 ] o 8 B2.3% B3 4%

12 o, 000 2340 8 3120 & B2 2% BE.O%

12 4 500 2,340 8 3,120 & B2.1% BB.2%

12 5,000 240 i ] 320 & B2.1% G9.5%

12 5,500 2340 ] 3,920 & B21% T13%

12 6,000 2340 8 3120 & BZ.0% T2.2%

2 G, 50 2340 ] 3,120 & B2.0% Ta6%

12 T.000 2340 a 3,120 i B2.0% T4.5%

Option Costs Morheast G-370 G372 Galbe Canal
Pump Stabien  Pump Statlon  Pumg Station  Struclures  Modifications Total Cost

12 a 210 8 3120 & § 30267000 % - $ - % 13856000 § 6500000 § 50623000
12 SO0 2,40 ] 3,120 & §  372E0000 % 3 - $ 13856000 § 9508000 § 60704000
12 1,000 2,440 8 3120 & 5 44500000 % ] = 13856000 5 6508000 § 67854000
12 1,500 2,340 a 3,120 & § 50832000 % 3 = $ 13858000 5 21560000 § 86248000
12 2,000 2,340 a 3,120 & § 56000000 % 3 = § 13856000 § 21560000 § 91416000
12 2,500 2,340 ] 3120 & § EBOTSO000 % 5 - $ 13856000 5 21560000 § 06166000
12 3,000 2,340 ] 3120 & 5 B4722000 % 3 - $134856000 § 30615000 § 100193000
12 3,500 2,440 8 320 & 0§ B000OOOD % 3 $ 13856000 5 36,719.000 5 130575000
12 3,600 2,340 8 3120 & 5 BAADG000 F 3 - F 134856000 5 36 TI9000 § 135071000
12 4,00 2,40 8 3,120 & § E7Ts500000 % 3 = $ 13858000 § 56719000 § 138075000
12 4,500 2,340 a 3,120 8 § 91000000 % 3 = F 13856000 § 44500000 § 148356000
12 5,000 2340 i 3,120 & 5 BdapdTO00 % ] - $ 13856000 F 44,500,000 § 153,003,000
12 5,500 2340 ] 3,120 & $ Gapoo000 % 3 % 13456000 % 44,500,000 § 156,358,000
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Figure 6.5-24 Optimization for Priority Removals— Alternative A1-1A
(G-370 Pump Station with Two Pumps Running)

G370 pump station =1,560 cfs and G-372 pump station = 3,120 cfs (A1 only, existing pump stations pumping to 8
100.0% foot depth)
90.0%
80.0% -—_-__,-—'-"-—-—_ /
,._—-—-_"__
70.0%
0.0 Backpurnping
alume Stored
50.0%
40.0%
30.0%
H0.0%
10.0%
& 1.000 2,000 3.00 4.0 5,000 6000 1.000
Northeast Pumg Station Capacity (cfs)
2015 2015
Horthaast G310 G372
Water  Pump Station  G-370 Pump G-372 Pemp  Percentage of  Backpumping
Dapth Iefs) {cfs) Head (cfs) Head Hunoff Stored  Volume Stored
12 [] 1560 B 3120 a 75.3% 22.T%
12 500 1560 B 3,120 B T7.5% 2TTH
12 1,000 1.560 B 1120 B TO.T% 338%
12 1,500 1,560 B 3120 g B0.7% 41.2%
12 2100 1560 B 3120 g 81.5% 46.7%
12 2504 1.560 B 3120 A B2.0% 52.2%
12 3,504 1560 & 3120 8 22.2% B1.5%
12 4 000 100 & atzm 8 az.2% B51%
12 4 {000 1.560 B 3120 8 B2 2% B5.1%
12 4 500 1,560 B 3,120 ] 82 3% 67.3%
12 5 000 1 560 ] 3120 5] 82.1% 68.5%
12 5500 1 560 & 3120 8 B21% T0.5%
12 6 00H) 1560 B 3120 A 82.1% T1.6%
12 6800 1560 B 3120 A 81.9% TA.0%
12 71000 1.560 B 3120 =] 81.9% TA1%
Option Cosfs Martheast G370 Garz Gale Canal
Pump Ststion Pump Stastlion Pump Station  Struclures  Modifications. Total Gost
12 [i] 1.560 B 3120 [ $ 30267000 § - 3 - 3 13BS6000 § 6500000 $ 50623000
12 500 1 560 & 3120 g $  T280000 § ] $ 13886000 % 6500000 $ 57606000
12 10040 1.560 B 3120 B % 44500000 § 5 512886000 § S500000 §F 64856000
12 1,500 1,560 B 3,120 8 % 50832000 % 5 3 13856000 § 9598000 $ T4.286,000
12 2,000 1560 B 3,120 8 § 58000000 § $ § 13656000 3 12540000 $ 82,396,000
12 2,500 1,560 B 3120 8 § 60750000 § + 5 - §13E56000 % 21560000 % 96,166,000
12 3,000 1 560 B 3120 B % 64722000 § 5 - 3 13BES6000 % 21560000 % 100138000
12 3,500 1560 & 3120 8 % 80000000 § $ - $13E56000 % 308515000 % 12471,000
12 3800 1.560 B 3120 A ¥ OBABE00 § - 5 - $ 13856000 § 30815000 F 138967000
12 4000 1560 B 3120 A § 487500000 § $ «  $ 13856000 3% 30815000 % 131971000
12 4,500 1 560 B 3120 g8 5 9000000 § ] § 13856000 § 3B T19000 % 141575000
12 3000 1.560 B 3120 5] ¥ HB4TOO00 § 5 - $ 13656000 % 44,500,000 % 153003000
12 5,500 1560 B 3120 =] % Gapbopoo § - § - $ 13,856,000 § 44500000 % 158356000
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Figure 6.5-25 Optimization for Priority Removals— Alternative A1-2B

G=170 pump Station =1,000 ofs and G-172 pump station = 3,130 ofs (A1 only, G-3T0 pump station modified to pump
to 12-foot depth)

ol

Walame Runotl
Stored
B0 ' ' 1 |

.-—--_'H_—__

0%

Backpumping
Volume Stared

5O.O%

"% f..-—

0.0

el ]

10.0%

b 1008 3004 A005 & i E.O0 B840 7.0
hargasd Pusmp Stalicn Capacity {cls)
2015 FI3
Northe:ast G-aTi G-372

Water Pump Station G-370 Pump G-37T2 Pump Percentageof Backpurmping

Degtnh [cts) (cls)  Head (cfs} Head Runoll Slored Volume Siored
12 [1] 1020 12 3120 8 T0.3% 200%
12 500 .08 12 3120 8 T2.0% 26.5%
12 1,000 1020 12 3120 ] A% 36.2%
12 1,500 1020 12 3120 8 TE.0% 41.6%
12 2,000 1.0:m #2312 8 T6.5% AEAS
12 2,500 1,000 12 3120 ] T66% 54 5%
12 3,000 1.0 12 312 8 T6.T% 56 &%
12 3500 102 92 3120 8 TEB% 614%
12 & 000 1020 9% 3120 8 T6.a% 631%
12 4,500 1080 12 3120 B TE.5% G4 X%
12 5,000 1.020 12 3120 8 TE.B% BEE%
12 5500 1,020 1 310 B TE.T% GEB.5%
i2 8,000 1000 12 3120 ] T66% G9.0%
12 6,500 1.020 12 3120 8 TE 6% TOE%
L K 7,000 1.820 12 3120 -] TE6% T16%

Option Costs Norineas G-370 G2 Gate Canal
Pump Slation  Purmnp Sialion  Purmp Station  Slreclwes  ModiBzalions Tolal Cost

12 L4 1.020 12 3120 8 5 30267000 § 3E00000 5 * £42076000 5 6500000 § 82443000
12 ] 1020 12 3120 B 5§ MEB0000 5 600000 § - SAZOTEDI0 5 GS500000 5 84456000
12 1,000 .00 12 310 B § 44500000 5 3JE00000 S . 42076000 § BE0OOO0 % 96676000
12 1,500 1.020 12 3120 8 5 50832000 § 3600000 § = £42076000 § 6,500,000 § 103,008,000
12 2000 1.0 12 312 B 5 B6000000 5 AB00000 § = S420TE0I0 § 9568000 5 111274000
12 2,500 1,020 12 31X B 5 e07e0.000 35 600000 % - F4207TE000 5 12,540,000 3 118,966,000
12 3,000 1.020 12 3120 =] 5 64722000 § 3600000 £ - £42076000 § 21,560,000 5 131,858,000
12 3,500 .02 12 3120 B § BOODOOOD § 600000 § # S42076000 § 21,560,000 5 147.235,000
12 4,000 1,000 12 3120 B §F BTE00000 5 600000 % E 542076000 5 30615000 3 163,791,000
i2 4 500 1020 42 312 B 5 91000000 5 3600000 § E £ 42078000 § 30615000 5 167,294,000
12 5,000 100 12 3120 B 5§ tMB4T000 § 3600000 § * E42076000 § 36719000 5 177,042,000
12 5,500 100 12 31X B 5 88000000 5 500000 § E BAZOTEDI0 5 44600000 5 188,178,000
i2 8,000 1,020 92 3120 B 8101760000 § 3600000 85 . £42076,000 544600000 5 191,006,000
12 &,500 1020 12 310 B § 105000000 § 3600000 § - S 42076000 § 44,500,000 § 195,176,000
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Figure 6.5-26 Optimization for Priority Removals— Alternative A1-2C

G=3T0 pump station =1,060 cfs and G-172 pump station = 3,120 cfs (4-1 only, G-1T0 pump station modified to pump
to 12-foat depth)

AD0L0N

DOO% - T 1 Sonad

TOO%
BOO%
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7 BiackpumEing
&0 0% /.f. Wollme Stared I

300%

200%.

10.0%.

a 1000 20043 2000 4 500 5000 600G T o0
Horthasst Pump Staboo Capacily |ciw)
2015 FI3
Northe:ast G-aTi G-372

Water Pump Station G-370 Pump G-37T2 Pump Percentageof Backpurmping

Degtnh [cts) fcls)  Head (cfs} Head Runoll Slored Volume Siored
12 [1] 1860 12 3120 8 Ta1% 34.5%
12 500 1680 12 3120 8 T5.6% 308%
12 1,000 1860 12 3120 ] T6.2% 45.7%
12 1,500 1660 12 3120 8 TE.6% 52.7%
12 2,000 1860 12 3120 ] T6.1% 57.3%
12 2500 1860 12 3120 L] T67% GOA4%
12 3,000 1,660 12 3120 8 TE.8% G624%
12 3.500 1860 92 3120 8 TE 5% B3.7%
12 4 000 1880 9% 3120 8 TG 5% 65.%
12 4,500 1660 12 3120 B TET% 680
12 5,000 1,660 12 3120 8 TET% BBA%
12 5500 1,680 1% 3120 B T 6% T0.5%
i2 8,000 1,660 12 3120 ] T6.6% T14%
12 6,500 1860 12 3120 8 TE 6% T2 1%
L K 7,000 1,660 12 3120 -] TE.5% T2.8%

Option Costs Norfness G-370 G2 Gate Canal
Pump Slation  Purmnp Sialion  Purmp Station  Slreclwes  ModiBzalions Tolal Cost

12 L4 1.680 12 3120 8 5 30267000 § 10200000 5 * £42076000 5 6500000 § 85,043,000
12 ] 1680 92 3120 B § 27260000 5 10200000 § & SAZOTEDI0 5 GS500000 5 96006000
12 1,000 1,680 12 31X B § 44500000 5 102000000 S . 42076000 § O608 000 S 106,374,000
12 1,500 1.BE0 12 3120 8 5§ 60832000 § 102000000 % = £42076000 § 9,588,000 § 112,706,000
12 2000 1.660 12 31X B 5 B6000000 5 10200000 § = S4ZOTEDI0  § 21,560,000 5 129,636,000
12 2,500 1,660 12 3120 B 5 80780000 3 10200000 % - S4207TE000 5 21,660,000 3 134,588,000
12 3,000 1.BEQ 12 3120 =] 5 64722000 § 10200000 £ - £42076000 § 21,560.000 § 138,558,000
12 3,500 1860 12 3120 B 5§ BOODOOOD § 10200000 § # S42076000 § 30615000 § 162.601,000
12 4,000 1,660 12 3120 & §F BTES00.000 3 10200000 % E FA20TE000 5 IS TIS000 3 176495000
i2 4 500 1.880 12 3120 B 5 91000000 5 10200000 § E £ 42076000 § 36,719,000 5 179,895,000
12 5,000 1,860 12 3120 B 5 tMG54T000 § 10200000 § * E42076,000 544,500,000 5 191 423,000
12 5,500 16880 92 31X B §F 88000000 5 10200000 5 - BAZOTEDI0 544600000 5 184,776,000
i2 8,000 1860 92 3120 B % 101,760,000 & 10,200,000 85 . £42076,000 544600000 S5 198626000
12 &,500 1660 12 310 B § 105000000 § 10200000 § - 42076000 § 44,500,000 § 201,776,000
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Figure 6.5-27 Optimization for Priority Removals— Alternative A1-2D

G-370 pump station =2,220 cfs and G-372 pump station = 3,120 cfs (A-1 only, G-370 pump station modified to

— pump to 12-foot depth)
@0
‘Wolurne Runaoff
Sloned
B0 0%
b : -
TOO%

[,

500%

40 0% L

30 0%

20 1%

B0 0%

n 100 2.0 ol ] 4 000 200 LA T OO0
Worthawsst Pump Staten Capscity |c1s)
FI 2015
Northe:ast G-aTi G-3712

Water Pump Station G-370 Pump G-37T2 Pump Percentageof Backpurmping

Degtn 1) {els) Head (cfs}  Head  RumofTSlored  VWolurme Stored
12 [} 22M 12 3130 B TEA% 36.1%
12 500 2230 12 3120 B T6.3% 43.8%
12 1,000 2,83 12. 3120 B T 8% &0. 3%
12 1,500 2790 12 3130 B TET% 56.2%
12 2,000 220 12 312 8 T6.7% 50.6%
12 2,500 2420 17 310 B TE 1% G2, 2%
12 3,000 27 12 31 B 76 A% B4, %
12 3,500 27 12 3120 8 76 5% 65 4%
12 4,000 e 12 31 B 6.T% 67 4%
12 4500 2290 12 a1 B 76 7% B2.1%
12 5,000 2720 12 3120 B 76 6% T0.2%
12 5500 2% 12 AW 8 TE 6% T1.1%
12 8,000 .23 12 3120 B TE 6% T1.8%
12 8,500 277 12 3130 B 76 5% T2E%
12 7.000 220 12 31 8 T 5% T31%

Option Costs Norinmasi G-3TD GaAT2 Gate Canal
Pump Slafienl  Pump Slalien  Pump Stalisn  Streclises  ModBealions  Tedsl Cost

12 [} 22 12 3120 8 3§ 30267000 § 11600000 5 - B42076000 5 G500,000 § G0443000
12 =] 22N 12 31 B § 37260000 § 11600000 § - F420TED00 5 6500000 5 87456000
12 1,000 222 12 3120 B 5 44500000 5 11600000 S . E4207EDI0 5 OF06,000 5 107774000
12 1,500 220 12 3120 8 § 50832000 § 11600000 5 - B4207E000 5 12540000 § 117,048,000
12 2,000 283 12 31X 8 5 E6,000000 5 11800000 § - 542076000 5 21 560000 5 131,236,000
12 2,600 2230 12 31 B 3 @e0,760.000 5 11600000 S - 42076000 5 21580000 5 135988,00]
12 3,000 277 12 3420 8 § 64722000 % 11600000 § - E4207E000 % 30615000 § 148,013,000
12 3,500 2,23 12 31 B 5 B0,000.000 5 11600000 §5 - S4207T6000 5 30615000 5 164,201,000
12 4,000 23H 12 31N B 3 B7.500.000 3 11600000 8§ - 3420TE000 5 3BTI19.000 3 177865 00]
12 4,500 2720 12 3430 A8 5 ©1,000.000 % 11600000 5 - B430TEDO0 544500000 5§ 188,176,000
12 5,000 2220 12 3120 8 5 OD4E4T000 § 11600000 5 - E420TEDO0 5 44.500,000 5 192623000
12 5600 227 12 a1 A 3 88000000 § 11600000 S - BAZ0TED00 544 600000 5 196,176,00]
12 8,000 2220 12 3120 8 % 101760000 § 11,600,000 5 - B4ZOTEDO0 544500000 5 199.096,000
12 6500 2220 12 3120 8§ 1D5000,000 § 11600000 § - EB420TEDO0 5 4450D0,000 § 203,176,000
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Figure 6.5-28 Optimization for Priority Removals— Alternative A1-2E

G-370 pump station =2,775 cfs and G-372 pump station = 3,120 cfs (A-1 only, G-370 pump station modified to
— mm 12-Toot depth)
00 0%
Volurme Runaff
Sloned
B0 0% -
B /
B0 0%
L— \
Hackpurmping
i Voiurme Stored
0.0%
30.0%
20.0%
B0 0%
] 1000 2000 1000 4000 5000 600 000
Morthesst Fump Stabce Capscily |cls)
F 2015
Mortheast G-aTd G-372
Water Pump Station G-370 Pump G-37T2 Pump Percentageof Backpurmping
Degth s} fch) Head (s} Head Runofl Stored Vohume Sicred
12 [1] 2,775 1@ 31x 8 Te.4% dd B%
12 504 27 12 313 8 T6 6% 51.2%
12 1,000 s o a3t 8 TE T 66 4%
12 1,500 2,775 12 31x i} T6.T% G0.8%
12 2,000 2775 12 31 8 T6.7% B2.6%
L F) 2,500 2775 12 3,120 B & 9% B4 7%
12 3,000 2,776 12 31x &} T 5% 65.5%
12 3500 2,775 12 3120 8 T6.T% BT &%
12 £ 000 27’ 2 31 8 TET% G5.2%
12 & 500 2,776 12 31: -] T 6% T0O.3%
12 5,000 2,775 12 3,120 8 T6.6% T1.2%
12 £,500 27T 12 31w 8 TE &% Ta.0%
12 8,000 376 12 At 8 T8 5% TiTH%
12 6,500 2,775 12 3,120 8 T6.5% T3.1%
12 7,000 2,775 12 3120 -] T6.5% Tits
Option Costs Northees! G370 GaT2 Gate Canal
Pump Siaticn  Purmnp Slalion  Purmp Stalion  Sirecles  ModiBzalians Todal Cost
12 (1] 2,775 12 3,120 B 8§ 30267000 5 13100000 § - £42076000 5 6500000 § ©1,843000
12 500 2T 12 31 8§ 250000 S 13100000 5 - S420TED00 5 9.550.000 5 102,024,000
12 1,000 2,776 12 31 B 3 44500000 5 13100000 S = L4207TEDI0 5 12640000 5 112,216,000
12 1,500 21715 12 3,120 8 5§ B0,832000 % 131000000 & - £42076,000 § 21560000 § 127,568,000
12 2,000 2IME 12 312 8 5 B5,000000 S 93100,000 5 - S420T6.000 § 21,560,000 § 132,736,000
12 2,600 3776 12 31 B § 80TR0.000 5 13100000 5 - $4207T6.000 5 ME15000 35 145 641,00d0
12 3,004 2775 12 3,120 ] 5 64722000 § 13100000 £ - £42076,000 35 30615000 $§ 150,513,000
12 3,500 2T’ 12 3120 8 5 BO0GO00D S5 13100000 5 - $4207T6.000 535719000 5 171,605,000
12 4,000 2778 12 3120 B 3 B7S00000 5 13100000 § = S470TE000 § 44 600000 F 18T 176,000
12 4 500 2,776 12 3120 8 5 91000000 % 13100000 S - 42076000 544500000 § 190,678,000
12 4,000 2775 12 30 g 5 04647000 5 13100000 5 * £4207T6000 544,500,000 5 194,323,000
12 5500 4776 12 3120 B § B8.000000 S 13100000 5 - S420TE000 544 600,000 5 157678,00)
12 8,000 2,776 12 3§12 B g 101, 7R0.000 § 13,100,000 S - 42076000 544 600000 5 201436000
12 6,500 2,775 12 31 g § 105000000 5 13100000 5 - £42076000 544,500,000 § 204 676,000
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Figure 6.5-29 Optimization for Priority Removals— Alternative A2-2B

January, 2006

G=370 pump station =1,020 cfs and G-372 pump station = 3,700 cfs (A-1 and A-2, G-370 pump station and G-172 pump
station maedified to pump to 12-foct depth)

1000
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Mortheasl Pung Slalion Cagacity (cfe)
NG 26
Hoetheaps! G-370 G-372
Water Pump Station G370 Pump G-372 Pump Percenlage of Backpumping
Dhapih {cls) {cfsy  Head  jofs)  Head Runcl Stored  Volume Stored
12 [} 1020 12 3700 12 TE.0% 18.7%
12 500 108 12 4700 12 BA2% 26.2%
12 1,000 1000 12 3700 12 BEEH F2.6%
12 1,500 1020 12 3700 12 g1.4% 38.4%
12z 2,000 100 12 3700 12 932% A5.4%
12 2,500 100 12 370 12 84.1% 52.9%
12 3,000 1020 12 3700 12 84 5% B0.2%
1z 3,500 1.0 12 3700 12 a4 6% 67.0%
12 4,000 1020 12 3100 12 95.2% %
12 4,600 1020 12 3700 12 95.3% 74.3%
12 5,000 1020 12 3700 42 G5.4% T6.5%
12 5,500 1020 12 3700 12 95.5% T8.9%
12 B,000 1.0 12 3500 12 95.6% B 3%
12 8,500 1020 12 3700 42 O55% BO.3%
12 T,000 1,020 12 3700 12 05.5% B %
MNorheast G-3TD G372 Ginbe Canal
Option Costs Pump Slalion  Pump Stalion  Pump Slalion  Streclures Modilicalions Total Cosl
12 [i] 102 12 3700 12§ X000 5 10200000 § 17000000 5 80186000 § 6500000 § 144,155,000
12 500 100 12 37 12 & 250000 5 10200000 § 17000003 S 80188000 § GEMO000 F 151138000
12 1,000 1,020 12 3700 12 5 44,500,000 5 $0.200000 S 17.000000 % 80,1BEO00 § 6600000 § 158 388000
12 1,500 1020 12 3,700 12 § 50832000 5 10200000 §F 17000000 § 801BBO00 5 A6500000 3 164,720.000
12 2,000 10 12 4700 12§ 56,000,000 § 10200000 § 1T.000000 S 80168000 5 G.5HA000 § 172 956000
12 2,600 1,000 12 3700 12 % 80,750,000 % 10200000 § 17,000,000 % 80188000 % 12540000 5 180,678,000
12 3,000 1020 12 3700 12 § 64,722,000 % 10200000 § 7000000 § 80188000 5 21660000 3 193670000
1z 3,500 10X 12 3700 12§ 80,000,000 § 10200000 5 17000000 5 80,180.000 § 21560000 5 208048000
12 4,000 1000 12 34700 12 0§ AT.500.000 % 10200000 5 1T.000.000 5 801BRO00 F MLEIS000 3§ 235 500000
12 4,500 103 12 3700 12 % 1,000,000 £ 10200000 § 17000000 5 801BRON 5 ME15000 5 229,003,000
12 5,000 1050 12 3,700 12§ 4,647,000 § 10200000 5 17,000,000 5 80186000 § 36,719,000 5 234,754,000
12 6,600 100 12 3700 12 5 88,000,000 % 10200000 5 17000000 § 80,18B.000 5 44500000 3 249 888 000
12 B,000 1020 12 3700 42 % 1M,750,000 § 10200000 S 17,000,000 § 80,1BEO000 § 44600000 § 253 638000
12 6,500 1020 12 3,700 12 5 105,000,000 § 10200000 5 17,000,000 § 80168000 § 44500000 § 256 886 000
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Figure 6.5-30 Optimization for Priority Removals— Alternative A2-2C

January, 2006

G=370 pump station =1,860 cfs and G-372 pump station = 3,700 cfs (A-1 and A-2, G-370 pump station and G-172 pump
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Morthams! G-370 G-372
Water Pump Station G370 Pump G-372 Pump Percenlage of Backpumping
Diapth {eds) {cfsy  Head jefs)  Head  Runol Stored  Volume Stoned
12 ] 1, 12 3700 12 BT.1% 30.0%
12 500 1860 12 3700 12 90.6% 35.5%
12 1,000 1860 12 3700 12 92.7% 42.9%
12 1,500 1,660 12 3,700 12 HiTHR B0.6%
12 2,000 1860 12 3700 12 S4.4% B0.4%
12 2,500 1860 12 3700 12 a4.7% B65.3%
12 3,000 1,660 12 3,700 12 H94 8% B9.E%
12 3,500 1860 12 3700 12 a5.2% 7%
12 4,000 1860 12 3700 12 95.3% TH.T%
12 4 500 1,680 12 3,700 12 a954% T8.3%
1z 5,000 1,860 12 3,700 12 85.4% TH.E%
12 5,500 1880 12 3700 12 95.4% Bl 0%
12 6,000 1860 12 3700 12 a54% BO.E%
1z 5,500 1,860 12 3700 12 854% E1.4%
1z 7,000 1,860 12 3000 12 B54% B2 T%
Option Costs Moriheast G-3T0 G372 Gaabe Canal
Pump Slalion  Pump Stalion  Pump Sialion Streclures Modilicalions Total Cosl
12 [i] 1860 12 3700 12 0§ WNGT.000 5 11600000 5 1F000000 5 80188000 § 6500000 § 145555000
2 500 1860 12 3700 12 0§ W250.000 5 11600000 § IT.000000 5 809BR.000 5 G50000 3 152538000
12 1,000 1,860 12 3700 12 § 44500000 § 11,600000 % 17000000 5 S01BEDD) § OGEHOI0 § 1628386 000
12 1,500 1,660 12 3700 12 % 50832000 5 11600000 § 17000000 5 801688000 5 O508000 § 169,216,000
12 2,000 1880 12 AT00 12§ 55,000,000 § 11600000 § 17000000 5 80188000 § 21560000 F 186 348000
12 2,500 1,880 12 3,700 12 § 80,750,000 % 11600000 S 17000000 § 80,188.000 § 21,560,000 3 191,096,000
12 3,000 1,660 12 3700 12 § 64722000 % 11600000 § 17000000 § 80,188,000 5 21560000 F 195070000
12 3,500 1860 12 3700 12§ 80,000,000 §F 11,600000 5 17000000 5 80188000 § MME15000 F 219403000
12 4,000 1880 12 3700 12 § 67,500,000 % 11,800,000 5 17000000 5 80,1BR.00 § 14T19000 3 233,007,000
12 4 500 ige1 12 3,700 12 3 91,000,000 % 11600000 % 170000060 § 801BEOO0 5 M TI10000 $ 235 507.000
12 5,000 1,860 12 3700 12 5 G4.647.000 5 11600000 5 17,000,000 5 80180000 5 44500000 5 247 035000
12 5,500 1860 12 3700 12 5 98,000,000 § 11,600,000 S 17,000,000 § 80,188.000 § 44500000 § 251 288000
12 5,000 1,860 12 3,700 12 5 11,750,000 % 11,600,000 5 17000000 5 80,1BE.O0D 5 44 B00,000 5 255 0GE DDD
12 6,500 1,860 12 3700 12 5 105,000,000 § 11600000 5 170000000 5 80,188,000 5 44500000 § 258, 286000
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Figure 6.5-31 Optimization for Priority Removals— Alternative A2-2D

G-370 pump station =2, 220 cfs and G-372 pump station = 3,700 cfs (A-1 and A-2, G-3T0 pump station & G-372 pump
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1z ] 220 12 3700 12 BOER HEw
12 500 22Xy 12 3700 12 B2.2% A G%
12 1,000 22 12 3y0e 12 93.6% 48, 3%
12 1,600 220 12 3700 12 BA.3% 55.6%
12 2,000 22Ky 12 3700 12 B4.6% B3.2%
12 2,500 2 12 3700 12 94.9% BR.4%
1z 3,000 220 12 3700 12 85.2% T21%
12 3,500 23X 12 3T 2 85.3% T5.6%
12 4,000 22K 12 AT00 12 954% TG
12 4 600 220 12 3700 12 96.4% 79.6%
12 5,000 222 12 3700 42 B5.4% THE%
12 5,500 22K 12 4T00 12 95.4% B 6%
12 6,000 L0 12 3y 12 954% B1.2%
12 B,500 227 12 3700 12 B5.4% B2 3%
12 1,000 22 12 3700 12 954 % B 4%
Option Costs MNorheast G-3TD G372 Gaabe Canal
Pump Slation  Pump Stalion  Pump Stalion Slruclures Madilicalions Tolal Cosl

12 [i] 225 12 3700 12§ WZT000 5 13100000 § 17000000 § 80186000 § 6500000 5 147055000
12 500 22 12 3700 12§ 250000 § 13100000 § 17.000.000 5 80188000 § G500000 § 154008000
12 1,000 22X 12 3700 12§ 44,500,000 § 13100000 5 17000000 § 80,1BE.000 § OE3000 3§ 164,386.000
12 1,500 2 12 3700 12§ 50,832,000 § 13100000 § 17000000 § 80,188.000 § 12540000 § 173,660,000
12 2,000 22K 12 AT00 12§ 565,000,000 § 13100000 § 17000000 5 80188000 § 21560000 § 167848000
12 2,500 22X 12 3,700 12 § 80,750,000 % 13900000 S 17000000 § 80,188.000 § 21,560,000 3 192,596,000
12 3,000 28X 12 3700 12 0§ 64,722,000 § 13100000 § 17000000 § 80,188.000 § 30615000 F 205625000
12 3,500 22X 12 3700 12§ 80,000,000 5 13100000 5 17000000 § 80160000 § ME15000 3 220,803,000
12 4,000 22X 12 3700 12§ 87500000 3 13100000 3 17000000 5 80,1BB.0N) 5 MG T18000 3 234,507,000
12 4 500 22} 12 3700 12§ 91,000,000 § 13,100,000 S5 17,000,000 S 80,1B8.000 § 44 500,000 F 245 TAEODDD
12 5,000 22X 12 370 12§ 647,000 5§ 12100000 5 17000000 § 80,160,000 § 44,500,000 5 249 435000
12 6,500 220 12 4700 12§ 88,000,000 % 13100000 5 17000000 5 80188000 § 44500000 § 252 788000
1z 6,000 22Xy 12 3700 12 % 104,750,000 % 13100000 5 17,000,000 § 80,1BB.000 5 44,600,000 $ 258 636000
12 6,500 22 12 3700 12 5 105,000,000 § 13,100,000 § 17,000,000 § 80,160,000 § 44,500,000 § 250,786,000
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Figure 6.5-32 Optimization for Priority Removals— Alternative A2-2E
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Option Costs MNorheast G370 G-372 Ginbe Canal

Pump Slalion  Pump Stalion  Pump Slalion  Struclures Modilicalions Total Cosl

12 [1] 275 12 3700 12 & MXr000 5 3600000 § 17000000 § 80186000 § 6560000 § 137555000

12 500 2116 12 37 12 & 250000 5 3600000 § 1T.000003 S 801BB000 § G5H000 § 147 63G6.000

12 1,000 2776 12 3700 12 S 44500000 5 3600000 S 17.000000 § 80,1BEO00 § 12.640,000 § 157,828,000

12z 1,500 2TIs 12 3700 12 % 50832000 5 3600000 § 17000000 § 80188000 5 21660000 $F 173180000

12z 2,000 2718 12 AT 12 % S65000000 5§ 3600000 § 17000000 § 80168000 § 21,560,000 § 178348000

12 2,600 2776 12 3700 12 % 60750000 5 3600000 § 17000000 & 80,1BRO000 § ME15000 3 192,153,000

12 3,000 2775 12 A700 12§ B4,722000 § 3600000 § 17000000 § 80168000 § 30615000 F 196125000

1z 3,500 2715 12 3700 12§ 80000000 § 36800000 5 17000000 5 80188000 5 MM 719000 F 217 507,000

12 4,000 2T 12 3700 12 % AT500000 5 360000 5 17000000 § 80,1BE00) § 44500000 3 232, TEE00DD

12 4,500 ATIS 12 3700 12 5 0000000 5 3600000 § 17000000 5 801BARON 5 44500000 5 238 288000

12 5,000 278 12 31 12§ M BaT000 § 3600000 5 17000000 S 80,160.000 § 44,500,000 5 230,935,000

12 6,600 2716 12 3700 12§ 8000000 5 360000 5 IT.00000) § 80,1BB.000 5 44500000 35 243 288000

12 £,000 2775 12 3700 42 5 4M,750,000 5 3600000 S 17000000 § 80,1BEO000 § 44 600,000 5 247038000

12 6,500 278 12 3700 12§ 105,000,000 5 3J600000 5 17000000 § 80168000 § 44,500,000 §F 250,286 000
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6.5.3 Recommended Alternative

The optimization goa of installing the most cost effective pump capacity to meet maximum
deliveries is contradictory with the goal of maximizing pump capacity to capture local runoff,
pump backs, and L ake Okeechobee regulatory releases:

Based on the application of the WBM over the POS, a northeast pump station sized
for 1,500 cfs working with G-370and G-372 pump stations unmodified would
provide sufficient capacity during the first phase of operation to provide the
maximum delivery percentages that can be expected with an EAA Reservoir A-1 of
190,000 acre feet of storage volume. Further modifications to the NNRC and to G-
370 and G-372 pump stations to allow pumping capacities of 2,220 and 3,700 cfs
respectively to full EAA Reservoir A-1 water depth would provide the additional
capacity needed for the second phase of operation.

Based on the application of the WBM over the POS, a northeast pump station sized
for 3,500to 4,000 cfs working with G-370 and G-372 pump stations unmodified
would be required to provide sufficient capacity during the first phase to maximize
local runoff and pump back capture. NNRC modifications would also be required to
increase conveyance capacity. Further modifications to G-370and G-372 pump
stations to allow pumping capacities to full EAA Reservoir A-1 water depth would
provide the additional capacity needed for the second phase of operation.

The second alternative has several advantages over the first:

A 3,500 to 4,000 cfs pump station sized to maximize capture of priority removals can
meet all of the delivery goals that a 1,500 cfs station would meet. The converse is not
true; the 1,500 cfs station could not provide the same priority removal levels.

A 3,500to 4,000 cfs pump station would provide a significant increase in flood
protection capacity. Under phase one, if EAA Reservoir A-1 water levels are greater
than 8 feet, G-370 pump station would be limited to pumping to STA-3/4. If, for
operational reasons, it is preferable not to discharge water to the STA-3/4, the
northeast pump station would provide substantial capacity for flood protection,
greater than is now available. Under the same circumstances, a 1,500 cfs pump station
could not provide asimilar level of flood protection.

The S-2 pump station which currently provides pump backs to Lake Okeechobee has
a capacity of 3,600 cfs. Intuitively, a comparably sized pump station would be needed
to minimize pump backs.

Modification of G-370 pump station for the second phase will require that the pumps
in that station be removed from service for periods of time. In addition, the
infrastructure required to allow isolation of the Supply Canal may require periods
when the entire pump station will need to be removed from service. Having a
substantial pumping capability in the northeast pump station will ease the disruption
that will be experienced during those modifications. A 1,500 cfs northeast pump
station would limit flood protection during construction of future G-370 pump station
modifications.
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Figure 6.5-32 shows the percent of time for which flow is greater than a given amount
during the period of simulation used for the WBM. For 2010 flow conditions,
available flow rates are greater than the combined capacity (3,065 cfs) of a 1,500 cfs
northeast pump station and G-370 pump station 1.6 percent of the time as compared
to only 0.2 percent for the larger pump station. Figure 6.5-33 shows the same for
2015 flow conditions. The available flow rates greater than the combined capacity
(3,720 cfs) of a 1,500 cfs northeast pump station and G-370 pump station increases to
4.3 percent, while that for the 3,500 to 4,000 cfs station increases only to 0.43
percent. This indicates that a 3,500to 4,000 cfs pump station would provide the
capacity needed to capture most flows experienced.

The period of simulation used for the WBM provides daily amounts and does not
account for peak flows within a storm event. While some peak flow rates would not
be captured with a 3,500 to 4,000 cfs pump station, arelatively large number of peak
flows would not be captured with a 1,500 cfs pump station.

Figure 6.5-33 NNRC Flow vs. Percentage Greater from POS (2010)
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Figure 6.5-34 NNRC Flows vs. Percentage Greater from POS (2015)
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The primary disadvantage for the second alternative is cost. In addition to the costs associated
with a smaller pump station, the 1,500 cfs pump station can provide the optimum deliveries
without canal modification for the first phase, and minimal canal modification for the second

phase. To be effective, the larger pump station would require canal modifications that coincide
with the first phase of construction.

We recommend:

Construction of a 3,600 cfs northeast pump station concurrent to the construction of
EAA Reservoir A-1.

G-370 and G-372 pump stations be used unmodified during phase one operation to
pump into the EAA Reservoir A-1 when EAA Reservoir A-1 water levels are less

than eight feet and directly to the STA-3/4 Supply Canal when EAA Reservoir A-1
water levels are greater than eight feet.

The G-370 and G-372 pump stations be modified to pump 2,220 and 3,700 cfs
capacity to full EAA Reservoir A-1 depth as part of the second phase construction.

Cana modifications to provide matching conveyance capacity during phase one.
6.6 GATES

Gate structures will be used to release water from the EAA Reservoir A-1 to the NNRC and
STA-3/4 Supply Cana for environmental, agricultural, and emergency release purposes. In
addition, gate structures along the STA-3/4 Supply Canal will be used to help fill the EAA
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Reservoir A-1. The SFWMD is most familiar with vertical roller lift gates, and because of the
need for bidirectional flow, these will be the gates used for the EAA Reservoir A-1. Additional
information regarding the mechanical requirements of the EAA Reservoir A-1 gated culverts
structures is discussed in Section 13.4.

Figure 6.6-1 shows a potential layout for gates at the EAA Reservoir A-1. It includes a gate
structure located at the northeast corner of the EAA Reservoir A-1 to release flows to the NNRC
for both agricultural and emergency release purposes. It shows southeast and southwest gate
structures used to discharge flows for emergency release and environmental purposes to STA-3/4
while also serving as inflow gates from the STA-3/4 Supply Canal to the EAA Reservoir A-1.
The requirements for each of these gate structures are detailed in the following sections.

The existing G-383 gate structure was installed to allow isolation of the eastern and western flow
ways of STA-3/4. The structure has limited hydraulic capacity and would not alow the full
capacity of either pump station to pass. It has been assumed that it will remain in service and
will normally be closed, thereby requiring that two new gate structures be constructed in the
north embankment of the STA-3/4 Supply Canal.

A backup power supply will be provided for each gate structure. The method for providing back
up power will be standby generators or a separate power supply from the nearest pump station,
depending upon the location of the gate structure.

Figure6.6-1 Phase 1] EAA Reservoir A-1 Control StructuresLocation Map

—— NORTHEAST PUMP STATION
/'~ NORTH NEW RIVER CONNECTOR
%l CANAL AND NORTHEAST GATE
</  STRUCTURE
i
i
FROM G-372 EAA RESERVOIR A-1
BUMP STATION
7 2400 CFS TO
STA-3/4——
G-383 GATE ™,
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1, e/
1 1,k ==
- j
=l =i
SOUTHWEST GATE STRUCTURE " —EOUTHEAST GATE STRUCTURE
3,700 CFS FROM 2,775 CF5 FROM
G-372 PUMP STATION &-370 PUMP STATION

6.6.1.1 Northeast Gate Structure

The northeast gate structure will be located close to the northeast pump station. It is required to
meet the agricultural deliveries to the EAA served by the EAA Reservoir A-1. Agricultural
deliveries from the EAA Reservoir A-1 to the EAA system ranges from O cfs in the wet season,
to approximately 1,960 cfs during the dry season based on the period of simulation. A variety of
gate sizes to meet this operationa range were investigated; some of these results are presented in
Figures 6.6-2 and 6.6-3. The gates shown in these figures are submerged gates (i.e. orifice flow);

BLACK & VEATCH 6- 76 WATER STORAGE AND RESERVOIR OPTIMIZATION



EAA Reservoir A-1 Basisof Design Report January, 2006

with inverts located 10 feet below the bottom of the EAA Reservoir A-1, or approximately at -
1.4 NAVDS88. The gated culvert structures being considered for the EAA Reservoir A-1 are
10 feet by 10 feet culverts with roller gates on the external embankment. If a 50-foot gate is
needed, then five parallel 10feet by 10 feet gated culvert structures will be placed in that
location. For the northeast gate structure, it was determined that a 50-foot wide bank of 10 feet
by 10 feet gated culverts are needed in order meet agricultural deliveries with 0.5 feet of head
loss across structures. The required water surface elevation in the EAA Reservoir A-1 depends
on the necessary back water condition in the NNRC. For irrigators to have sufficient suction
conditions for their irrigation pumps, the minimum water surface elevation in the NNRC is 10 to
10.5 NAVDSS.

The scatter-points that are shown on Figures 6.6-2 and 6.6-3 correspond to agricultural deliveries
predicted by the Water Balance Model for the conditions recommended: northeast pump station
capacity of 3,600 cfs, G-370 pump station unmodified capacity of 2,340 cfs, and G-372 pump
station unmodified capacity of 3,120 cfs. Points, which lie above a gate opening curve, occur
when the EAA Reservoir A-1 stage is sufficient to overcome the head loss incurred through the
gate and suction requirements of irrigation pumps to meet agricultural demands by gravity flow.
Points which lie below the curves, occur when there is insufficient head differential available to
meet an agricultural delivery and pumping is necessary to release flow to meet agricultural
demands.

The northeast gate structure can also help to release excess floodwater from the EAA Reservoir
A-1, however downstream canal conditions will dictate the maximum outflow from the northeast
gate structure. By designing the gate to meet agricultural demands with 0.5 feet of head loss, the
northeast gate structure will have adequate capacity to also meet potential emergency release
demands.

Figure6.6-2 Northeast Gate Submerged Gate Curve 50-Foot Wide Gate
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Figure6.6-3 Northeast Gate Submerged Gate Curve 100-Foot Wide
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6.6.1.2 Southeast and Southwest Gate Structures

The proposed southeast and southwest gate structures, as seen in Figure6.6-1, will be
bidirectional. They will be used to fill the EAA Reservoir A-1 and release water to the STA-3/4
Supply Canal for environmental deliveries. Because the G-383 gate structure, located in the
STA-3/4 Supply Canal, separates the eastern STA-3/4 flow-way from the two western flow-
ways, EAA Reservoir A-1 gate structures are required to seal in both directions. Since the Inflow
Canal will be used to fill the EAA Reservoir A-1, the gates should have an inflow capacity to the
EAA Reservoir A-1 equaling that of the pump stations' maximum capacities. G-370 and G-372
pump stations have a maximum pumping rate of 2,340 cfs and 3,120 cfs respectively when
pumping to an EAA Reservoir A-1 water depth of 8 feet. The gates will be sized to pass their
design flows with approximately 0.5 feet of head loss.

The southeast and southwest gate structures should also be capable of discharging the 30 percent
PMP storm preceding a PMP event. To do this, they must be able to release 4,000 cfsto STA-3/4
for three days (see Section 5.1 for discussion). Since the head differential between the EAA
Reservoir A-1 and the STA-3/4 Supply Cana will generally be greater than 0.5 feet, this
drawdown requirement will be achievable.

The culvert/gate structures being considered for the EAA Reservoir A-1 are 10 feet x 10 feet
culverts with roller gates on the external embankment. The gates will be submerged (i.e. orifice
flow); with inverts located 10 feet bel ow the bottom of the EAA Reservoir A-1, or approximately
at -1.4 NAVDS88. If a 50-foot gate is needed, then five parallel 10 feet x 10 feet culvert/gate
structures will be placed in that location. To meet the inflow requirements of the southern gates
and proposed design head 0.5 feet, the southeast gate will need to be 50 feet in width (five
parallel 10 feet x 10 feet culverts/gates), while the southwest gate will need to be 70 feet in width
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(7 pardlel 10feet x 10 feet culvertdgates). Figures 6.6-4, 6.6-5, and 6.6-6 show varying gate
sizes with their corresponding flow rates at different head potentials across the gates. These
figures were used to select the gate sizes discussed in this Section.

Figure6.6-4 South Gate Flow Rate 30-Foot Gate
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Figure6.6-5 South Gate Flow Rate 50-foot Gate
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Figure6.6-6 South Gate Flow Rate 70-foot Gate
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6.7  SPILLWAY
6.7.1 General

For Acceler8 projects, DCM-3 establishes requirements for spillway capacity and EAA
Reservoir A-1 drawdown. The DCM has a requirement to provide an uncontrolled spillway crest
to ensure that the EAA Reservoir A-1 cannot be overfilled or maintained at a level above the
norma full storage level (NFSL) (ref. Basis of Review for Environmental Resource Permit
Applications within SFWMD, Appendix 6, "2.1.2.5 Return overflow ... A separate structure will
be necessary for pump filled impoundments to allow return flow under conditions of maximum
or design water levels in the EAA Reservoir A-1 with pumps continuing to operate”). In reality,
for EAA Reservoir A-1 the pumps will be designed with a shut off head that physically limits
their capability to fill the EAA Reservoir A-1 very far beyond NFSL, and will not be able to
pump to embankment crest level.

An uncontrolled spillway has the potentia to reduce the freeboard allowance and thus
embankment crest height and cost through routing of flood events. Spillway options for reducing
embankment height were analyzed and are summarized herein.
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6.7.2 Spillway operation
6.7.2.1 Operating Conditions
A range of operating conditions must be considered for a spillway:
Storms up to 100-year return period, which is a cut-off for SFWMD's discharge limits

Storms which are localy very intense (>100-year event) but which do not cause
excessive rainfall outside the 25 square mile surface area of the EAA Reservoir A-1

Storms more severe than 100-year return period but less severe than PMP
PMP

PMP plus wind and waves (possibly causing up to about 11 feet depth of water above
NFSL)

Wind up to PMW intensity, blowing towards the spillway with EAA Reservoir A-1
full (NFSL)

These conditions are described in the following sections with an assessment of the potential
performance of uncontrolled spillways under these conditions.

6.7.2.2 Discharge Limit up to 100-Year Storm Intensity

DCM-3 limits the off-site discharges for storm events up to 100-year return period but does not
limit discharge for events of lower probability. The hydrograph of the three day 100-year storm
isshown in Figure 6.7-1.

SFWMD Basis of Review for Environmental Resource Permit Applications (BOR), Section 6.2,
establishes the following rules for discharge. Any spillway option for reducing embankment
height would need to meet all of these conditions.

Off-gite discharge rate shall be limited to:

@ Rates not causing adverse impacts to existing off-site properties, and
(b) Historic discharge rates, or

(© Rates determined in previous SFWMD permit actions, or

(d) Rates specified in SFWMD criteria (see BOR Appendix 2)

Previous permit actions are consistent with the current SFWMD criteria as outlined in Appendix
2 of the BOR.

For the EAA, the SFWMD criteria allow a discharge of 20 cfs per square mile with a five year
design frequency (equal to 3/4 inch of runoff per 24 hours). For the EAA Reservoir A-1 areathis
equates to 500 cfs discharge maximum. If this limit is exceeded, it reduces the canal capacity
available to other discharges. Therefore, this criterion must be met.
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Figure6.7-1 Three Day 100-Year Storm Hydrograph
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In order to maximize the potential flood level reduction available from a spillway, discharge
should begin at the earliest possible time during a storm, at the maximum rate possible.

Assuming an ogee-type weir with discharge coefficient of 3.9, the spillway crest width at NFSL
islimited to 100 feet to meet a maximum discharge of 500 cfs. Thisis shown in the flood routing
graph, Figure6.7-2. The 3.9 discharge coefficient represents the most efficient spillway
operation that can be achieved under these conditions and has been assumed for all of the

spillway analyses.
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Figure6.7-2 72-Hour 100-Year Storm Routing over a 100 foot L ong Spillway
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During this event, with a 100-foot spillway crest, the water rises approximately 1.2 feet above
NFSL. Therefore, in accordance with DCM-3, which specifies no limit to discharge above the
100-year event, the spillway length could be increased at or above that level to alow more
discharge. This scenario is examined below.

6.7.2.3 Storms More Severe Than 100-Year Return Period but Less Severe Than

PMP

DCM-3 indicates that, based on the common practice in the U.S., discharges from reservoirs
should not increase downstream flows for events up to a 100-year annual return interval (ARI).
The DCM allows unlimited discharge beyond the 100-year storm event.

A 100-year event would be 15.2 inches of precipitation over a 72-hour period. Under these or
worse conditions, the SFWMD and agricultural users canal/pump station conveyance system
would be overwhelmed, resulting in localized flooding.

Potentially large, high velocity, concentrated discharges from an uncontrolled spillway are
capable of damaging structures such as bridges and roads. In addition, uncontrolled general
overtopping of conveyance canals can result in extensive damage to structures. Therefore, some
means of control must still be designed into the spillway structure.
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6.7.2.4 Storms which are Locally Very Intense (>100-Year Event) but which do
Not Cause Excessive Rainfall Outside the 25-Square Mile Area of the
EAA Reservoir A-1

Storm activity can be very isolated in the Everglades region. It is possible for an extreme storm
cell to concentrate rainfall only over the EAA Reservoir A-1 (this is the same scenario required
for the PMP event). Should the EAA Reservoir A-1 be full under such conditions, an
uncontrolled spillway would discharge water in excess of the 500 cfs limit. This could adversely
impact existing off-site properties.

6.7.2.5 Probable Maximum Precipitation (PMP)

The PMP is the most severe classification of storm used in EAA Reservoir A-1 design and is
applied in this case because the structure has a high hazard potential classification (Section 5).
The three day PMP event totals 54 inches of rainfall as shown on Figure 6.7-3. This total rainfall

is based specificaly on the EAA Reservoir A-1 area (point rainfall). If a wider area such as the
EAA were considered the intensity would be about 42 inchesin a 72 hour period.

Figure6.7-3 Probable Maximum Precipitation (PM P)
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The peak EAA Reservoir A-1 rise caused by the PMP must be reduced by discharging water
through a spillway during the rainfall event. To assess this effect, analysis included calculations
based on uncontrolled releases over the top of a crest spillway. Assuming an ogee weir, the
spillway crest length at NFSL is limited to 100 foot, which results in a EAA Reservoir A-1rise
of about 1.2 feet. Above that level alonger spillway can be incorporated.

As an example, the results from an analysis routing the PMP over a 200-foot stepped spillway
(100 feet at NFSL and 100 feet at NFSL + 1.2 feet) are shown in Figure 6.7-4. If there was no
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discharge from the EAA Reservoir A-1 during the storm, the water level rise would be equal to
the cumulative rainfall during the period. Point A on the graph represents the peak EAA
Reservoir A-1 rise for the routed discharge and shows a maximum water level reduction of
0.64 feet for the 200-foot stepped spillway. Point B represents the peak discharge during the
storm which is about 4,600 cfs.

Figure6.7-4 Routing the PMP over a 200-Foot Stepped Spillway
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6.7.2.6 PMP Plus Wind Away from the Spillway

Strong prevailing winds will cause water to surge against the side of the EAA Reservoir A-1 by
two mechanisms: wind set-up and waves. Should wind be in the direction of the spillway, it will
increase momentary discharge. Should wind be away from the spillway, it will decrease
momentary discharge.

Wind set-up causes a general increase in the water elevation in the direction of the wind. Waves
cause a fluctuating water depth. The combined effects of set-up and waves could result in peaks
of as much as 11 foot depth of water above NFSL during the PMP as shown in Table 6.7-1.
Wave run-up does not apply to flow over a spillway and is not included in these figures. When
wind blows in the opposite direction water level is correspondingly reduced.

Table6.7-1 Potential Wind Effects on Water Level above PMP

Wind event Wind Speed | Wind Set-Up | Wave Height | Peak Water Level
(mph) (feet) (feet) Above NFSL (feet)

100-year 103 21 6.6 9.9

Category five storm 122 3.6 6.5 11.3
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DCM-3 specifically points out that the theoretical efficiency of a single emergency spillway will
be limited because of sustained wind:

"Soillway design must consider that sustained winds could come from any direction.
Sustained winds on long fetches can cause substantial wind setup during the IDF. If
wind setup causes increased water levels on the windward side of the reservoir, it will
also cause lower water levels on the leeward side. Reservoir routing of the IDF should
consider the most critical effects of wind setup on water levels at the spillways. Wind
setup requirements may require spillways at more than one location and/or opposite
ends of the reservoir."

For the EAA Reservoir A-1 it isimpractical to have more than one spillway to counter-act this
effect due to the limited directions of discharge as discussed in Section 6.7.3.

DCM-3 does not give specific guidance on the effects of wind so, to alow for this effect, it was
considered that an adverse wind might direct surges away from the spillway reducing the water
level at the discharge. A 12-hour period was considered, at the peak of the three day PMP storm,
with a 103-mph wind.

The effect of wind blowing away from the spillway on the routing of the PMP flood over a
200 foot long crest is shown in Figure 6.7-5. Initially, when the wind is blowing, discharge from
the spillway is reduced. The wind delays releases, which allows the water level to rise higher
than the no-wind case. The peak discharge occurs when the wind drops and because water level
is increased, peak discharge is also increased. Wind blowing away from the spillway increases
and delays the peak of the hydrograph from point B to point D on the graph. The efficiency of
the spillway to reduce the EAA Reservoir A-1 rise is decreased as illustrated by comparing
points A (without wind) and C (with wind).

The results of similar analyses carried out for different spillway lengths from 0 to 400 feet long
are illustrated in Figure 6.7-6. The four colored lines on the graph correspond to the peaks of
discharge and EAA Reservoir A-1 rise, both with and without wind effects. The results for a
200-foot long spillway, described earlier, areillustrated and the points A, B, C, and D correspond
to the points on Figure 6.7-5. These results are for stepped spillways for lengths above 100 feet.

The results show that a 400-foot long stepped spillway would allow an embankment crest height
reduction of only 0.6 feet. The peak discharge rate with wind blowing away from the spillway
would be approximately 8,000 cfs.
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Figure6.7-5 Routing of PMP over a 200-Foot Stepped Spillway Allowing for Wind Effects
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6.7.2.7 PMP Plus Wind Toward The Spillway

Wind could blow towards the spillway during the PMP event. This would cause surge adjacent to
the spillway increasing discharge. Two effects have been considered: wind set-up and wave
action. The new discharge would be based on the EAA Reservoir A-1 rise due to rainfall
(reduced alowing for routing effects), plus wind set-up. Waves cause an oscillation of water
level above and below this, so the peak wave level would include the wind set-up allowance plus
half the wave height. The average condition would just include set-up. These set-up and wave
height values are givenin Table 6.7-1.

The results of the analyses are shown in Figure 6.7-7. For al spillway lengths between 0 and
400 feet the peak water depth over the spillway is between 9.5 and 10 feet. The peak discharge
over a400-foot long spillway would reach nearly 40,000 cfs; average flows of 22,000 cfs.

Figure6.7-7 Effectsof PMP Plus Wind
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The DCM states that these flows are acceptable given that the EAA and areas downstream would
aready be flooded during such an event. However, although the PMP for the EAA Reservoir
A-1 israted as 54 inches of precipitation, this would not be the average level in the EAA; the
regional average could be considerably less. The reality of potentially large, high velocity,
concentrated discharges is very different conceptually to a few feet of relatively passive flood
water. Such fast moving flows are capable of damaging structures such as bridges and highways.
U.S. 27, amajor hurricane evacuation route, is immediately adjacent to the EAA Reservoir A-1.
Damage to the road could limit evacuation of southern Florida.
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6.7.2.8 Reservoir Full (NFSL) with Wind Blowing Towards the Spillway

Winds will cause water to surge against the side of the EAA Reservoir A-1 even when thereis no
rainfall in the area. With the EAA Reservoir A-1 full, water at NFSL, the conditions shown in
Table 6.7-2 can be expected. Wave run-up does not apply to this case and is not included in these
figures.

The wind effects discussed in Section 6.7.2.7 could occur even when there is no rain, but also
when the EAA Reservoir A-1 level is maintained at NFSL operationally. The effects of wind
set-up are increased at shallow water depths but the wave heights are reduced.

Table6.7-2 Potential Wind Effects on Water Level above NFSL

Wind Event Wind Speed Wind Set-Up Wave Peak Water

(mph) (feet) Height (feet) Depth above

NFSL (feet)
100-year 103 2.8 55 55
500-year 119 3.8 6.0 6.8
Category five storm 122 4.0 6.1 7.0
PMW 158 7.0 7.1 10.5

Discharges resulting from analysis of the wind effects are illustrated in Figure 6.7-8. In the
figure, the 500 cfs discharge limit appears as a red line right at the base of the graph. By
comparison, some of the potential discharges from an uncontrolled crest spillway are much
larger. For example, the peak discharge from a 200-foot long spillway could reach 25,000 cfs
during a probable maximum wind event. The same structure could release an average flow of
approximately 5,000 cfs if acategory five hurricane made landfall in the area.

Figure6.7-8 Potential Dry Weather Discharges Dueto Wind
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Figure 6.7-9 shows the dry weather wind generated discharges in more detail. Under a 103-mph
wind scenario, a spillway length of about 25 feet maximum would be necessary to limit average
discharges to 500 cfs. Considering a 122-mph wind, as could be generated by a category five
hurricane making landfall in the area, this spillway length would need to be reduced to about 15
feet. In either of these situations peak discharge would exceed the 500 cfs limit.

As discussed in Section 6.7.3.7, large discharges during a PMP event may be considered
acceptable by some because the EAA could already be flooded. However, the potential damage
caused by such flows when there is no associated extreme rain event would be unacceptable. If
there is no associated rain event more extreme than the 100-year storm, the SFWMD rules
clearly require that discharges be restricted to 500 cfs or less.

Figure6.7-9 Wind Generated Flow Limit to Spillway Size
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6.7.3 Location of Discharge

SFWMD must be sensitive to the needs of the stakeholders adjacent to the EAA Reservoir A-1
so the constraints around the perimeter must be considered for potentially large uncontrolled
spillway discharges.

6.7.3.1 Private Property to the North and Northwest of the EAA Reservoir A-1
Unless captured and rerouted by a canal, uncontrolled discharges toward the north of the EAA
Reservoir A-1 would not be acceptable. Without a canal sufficiently sized for all discharges,

water allowed to discharge in an uncontrolled manner could cause a negative impact on the
farmland.
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With the existing canal system, water collected and routed elsewhere could only be directed to
the NNRC. The restrictions applying to the NNRC are described below. This water would need
to be pumped into the NNRC.

6.7.3.2 Agricultural Lands to the West of EAA Reservoir A-1

The agricultural land to the west of EAA Reservoir A-1 isto be leased for agriculture until EAA
Reservoir A-2 is constructed. Uncontrolled discharges to this area would flow into, and could
overwhelm, the agricultural canal system. Such discharges could occur at any time there was a
rain event with the EAA Reservoir at NFSL or when the wind blew from the east causing wind
set-up above NFSL. These discharges would need to be directed to the Miami Canal. In order to
make a significant difference to the freeboard allowance on EAA Reservoir A-1, very large
guantities of water would need to be released requiring a substantial spillway and water
conveyance system. This would be a temporary alternative because it would be abandoned after
EAA Reservoir A-2 was built.

6.7.3.3 Holey Land

The Holey Land is separated from EAA Reservoir A-1 by the STA-3/4 Supply Canal. For water
to be conveyed from the EAA Reservoir A-1 to the Holey Land, flow would need to pass under,
over, or through the Supply Canal. The Holey Land is potentially an area that could accept
emergency storm flows.

During a storm event it is likely that both G-370 and G-372 pump stations will pump water into
the Supply Canal. The discharge of large volumes through the Supply Cana would risk
overtopping the embankment. Solutions to pass substantial flows over or under the canal would
be very costly.

6.7.3.4 STA-3/4

Uncontrolled storm discharges could be routed directly to STA-3/4. However, the same practical
problems of routing flow to the other side of the Supply Canal as for the Holey Land apply. In
addition, SFWMD plans to operate STA-3/4 in a controlled manner treating agricultural runoff
pumped through G-370 or G-372 pump stations, or controlled releases from EAA Reservoir A-1.

Being an 'off-site discharge’, DCM-3 requires the same limit for EAA Reservoir A-1 runoff
discharges to STA-3/4 as it would to the NNRC, i.e. 500 cfs for anything less than the 100-year
storm. This would limit the crest length of an uncontrolled spillway placed at NFSL to 100 feet
and would alow up to 500 cfs to discharge to the STA during the 100-year storm. STA-3/4 is
designed for flows up to 6,000 cfs; so more water might be discharged if alowed by the
SFWMD. However, higher discharge rates from the EAA Reservoir A-1 would limit the amount
of water that could be conveyed through the Supply Canal and treated in STA-3/4 from NNRC
and the Miami Canal.

Under certain conditions, uncontrolled discharges would be higher than the design capacity of
the STA-3/4. Under these conditions the STA-3/4 could be damaged and might take as much as
12 to 18 monthsto recover.

6.7.3.5 NNRC, U.S. 27 and Properties East of the EAA Reservoir A-1

The NNRC and pump stations (S-2 and S-7) are sized to convey approximately 20 cfs per square
mile from their contributing watersheds. All inflows to NNRC are by pumping so agricultural
discharges are controlled by installed capacity. If too much is pumped into the canal system, the

BLACK & VEATCH 6-91 WATER STORAGE AND RESERVOIR OPTIMIZATION



EAA Reservoir A-1 Basisof Design Report January, 2006

water, in essence, backs up and floods other farms in the basin because the NNRC system cannot
remove it fast enough.

The assurances require that the EAA Reservoir A-1 Project does not adversely affect the flood
protection level of the farmers. This implies that flood discharges to the NNRC from the EAA
Reservoir A-1 should be capped at 20 cfs per square mile up to a 100-year storm.

6.7.4 Economic Assessment

Two conceptual spillway layouts were developed as a basis for a cost analysis. Each structure is
based on an ogee shape but, one spillway would be a completely uncontrolled and one would
have some form of gated protection on the crest. Conceptual level arrangements are shown on
Figure 6.7-10 and 6.7-11. T